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[Excerpts] Chapter 1. Nuclear Power Plant Technology and Equipment
1-1. Nuclear Reactors
Some Information From Nuclear Reactor Physics

Modern nuclear power engineering is based on using the power released on fission of
uranium-235 nuclei (Zggu) existing in nature and also artificially obtained fis-
sionable materials plutonium-239 (233Pu) and uranium-233 (233U). The fission of
these nuclei is possible under defined conditions which has required the creation
of a set of equipment for realizing the fission reaction--the nuclear reactor.

The thermal power released during fission of nuclei is removed from the nuclear re-
actor by pumping a liquid or gas coolant through it. This energy can be converted
to electric power by obtaining steam designed to turn turbines and also it is used
directly in energy-consuming processes, for example, in the chemical or metallurgi-
cal industry.

Let us consider the fission reaction in the example of U-235.
The fission of the U-235 nuclei is most probable on absorption of low-energy (ther-

mal) neutrons. On absorption of a thermal neutron nT by the nucleus, a U-236 nu-
cleus is formed in the excited state:

235 236
22U + n,— 26U,

Fission of the nucleus into two fragments %:F and %%F with the emission of two or

three neutrons . and release of the energy E takes place with approximately 85-per-
cent probability:
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28U — 4F +4F +25n + E.

The fission fragments are beta-radioactive nuclei of the chemical elements of the
middle part of the periodic table. The neutrons formed during fission are broken
down into instantaneous (~99 percent), emitted at the time of fissionm, and delayed
(~1 percent), emitted on decay of the fission fragments. The average energy of the
delayed neutrons is about 0.8 - 10713 joules (0.5 Mev) and the instantaneous,

3.2 » 10713 joules (2 Mev). In order to ensure a self-supporting reaction, it is
necessary to decrease the energy of the neutrons formed, that is, decelerate them,
which is possible on collision of the nmeutrons with nuclei of light elements.

The self-supporting fission reaction can take place only for defined dimensionc
(volume) of the reactor, where the leakage of the neutrons is balanced by their for-
mation in the fission process. Such dimensions (volume) are called critical, and
the mass of the nuclear fuel which fills the core with critical dimensions is

called the critical mass. If the reactor dimensions are less than critical, they
are called suberitical, and if greater than critical, supercritical.

In order to decrease the neutron leakage, the reactor core is surrounded by materi-
als which dissipate neutrons well, so-called neutron reflectors. The presence of

a reflector increases the number of neutrons in the reactor core participating in
the fission process and, consequently, decreases the critical dimensions of the re-
actor. In addition, the reflector provides for some equalizing of the neutron flux
density with respect to the core volume and, consequently, more uniform burnup of
the fuel during the operating process. The latter fact is important for the reac-
tors of nuclear power plants, for it permits the time between recharging the fuel
accompanied by shutdown of the reactor and interruption of the power supply to be
increased.

The total energy released during fission of one uranium atom is 3.2 - 10711 joules
(200 Mev), and the thermal energy released during fission of 1 gram of uranium is
7.79 » 1010 joules (1.86 - 107 kcal), which corresponds to burning 2,660 kg of coal
in a provisional calculation.

It is necessary to distinguish the electric and thermal power of nuclear power
plants. The electric power is determined by the power of the turbogenerators, and
the thermal power, by the fuel joad and structural design of the reactor.

The thermal power of a reactor Np in watts with U-235 fuel can be determined from
the expression

Np = 3,010~ DpoV,

where 3.0 - 10711 joules (190 Mev) is the thermal power released during fission of
one U-235 nucleus under the effect of a thermal neutron; ¢ is the average flux
density of the thermal neutroms in the reactor; p is the number of nuclei of fis-
sionable material per unit volume of the core:; V is the volume of the reactor

: core; 0 is the microscogic fission cross section, cm? (for uranium-235 it can be
taken as 585 ° 10724 cm?)
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- Natural uranium consists primarily of two isotopes: U-235 and U-238, the content
of which in the natural mixture will be approximately 0.7 and 99.3 percent, respec~
tively, with respect to mass.

On irradiation by ZggU and 232Th neutrons new fissionable materials ZS%U and ngP“
can be obtained as a result of the following radioactive chain reactions:

Thorium cycle
- 23 v P gy B o
2Th + n— seTh— Pa — “3U.
Plutonium cycle
280 Y 939, P30, B 9
22U + n— "uU — “&Np— ‘sPu.

The final products of these reactions, just as uranium-235, can be used as fuel in
nuclear reactors.

The radioactive nuclei formed in the reactor decay with the emission of radiation

[69): alpha-particles with a charge Z = +2 and a mass number A = 4; they consist

of two neutrons and two protons, and they are helium nuclei; beta-particles having
a unit negative charge equal to an electron charge and its mass; gamma-rays which

are electromagnetic vibrations with small wavelength or proton flux.

Basic Elements of Nuclear Reactors

Reactors are classified as a function of purpose, type and physical state of the
fuel, the moderator and coolant, and they have their characteristic features. How-
ever, the schematic diagrams of all reactors are identical to a high degree. Any
nuclear reactor consists of several zones, each having its own purpose. Fission of
the fuel nuclei takes place in the core. Tne heat released during fission is re~
moved by circulation of the coolant through the core.

The number of fissions in the core (and, consequently, the reactor power) is varied
by the control rods of the safety and control rod system of the reactor (SUZ) made
of materials that #bsorb neutrons well. The core surrounded by the neutron re-
flector is placed in the reactor vessel. The reactor vessel is protected by con-~
crete biological shielding which reduces the radiation fluxes to the admissible
limit. A thermal protective layer is frequently installed between the vessel and
the biological shielding. This thermal layer is designed to take the radiation
heat releasc and prevent radiation damage of the concrete biological shielding.

Nuclear Fuel and Fuel Elements. As has already been stated, uranium-235, uranium-
233 and plutonium-239 can be used as the nuclear fuel in the core. The fission of
the fuel nuclei can take place under the effect of thermal, intermediate or fast
neutrons. Depending on the neutron energy under the effect of which fission of
the fuel takes place. the reactors are subdivided into thermal, intermediate and
fast neutron reactors.
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In thermal neutron reactors [average fission neutron energy <1.6 - 1019 joules

(1 eV)] basically uranium-235 is used as the fuel.

In fast neutron reactors [average fission neutron enmergy <1.6 - 1019 joules (1 eV)l,

uranium-235 is basically used as the fuel.

fuel.

In fast neutron reactors (average fission neutron energy several hundreds of kilo-

electron-volts) basically highly enriched uranium and plutonium-239 are used as the

The nuclear fuel can be used in solid or 1iquid form. Accordingly, the reactors

are divided, respectively, into heterogeneous and homogeneous reactors.

In the

homogeneous reactors the nuclear fuel is uniformly mixed with the coolant (and mod-
erator if it is a thermal neutron reactor). In heterogeneous reactors the solid
fuel is placed in a jacket which prevents it from interaction with the coolant and

localizes the fission fragments.

The fuel placed in the protective jackets is referred to as the fuel elements.
Structurally the fuel elements (Figure 1-1) can be made as rod elements (a), plate
elements (b), corrugated (c), tubular (d), ball (e), and perforated (£). Rod

and tubular fuel elements are most frequently used.

The fuel elements are positioned in the fuel tubes of the reactor by guide assem-

blies. Sometimes a fuel assembly made up of a cluster of severa

put in the fuel tubes.

1 fuel elements is

The most widespread fuel for power reactors at the present time is uranium dioxide
U0,. It is chemically inert, it is compatible with the majority of structural ma-
terials and coolants, it has high thermal resistance (the melting point is about
2,800° C) and high radiation resistance. In the future phase of development of nu-
clear power engincering uranium and plutonium carbides will obviously become the
basic form of fuel in high-temperature reactors. Having a melting point and radi-
ation resistance comparable to uranium dioxide, the carbides have S to 10 times

higher thermal conductivity and greater demsity.

Figure 1-1. Structural diagrams of fuel elements.
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Moderator and Reflector. The purpose of the moderator is to lower the energy of
the neutrons formed during fission of the fuel nuclei. The best moderators are
light materials that do not absorb thermal neutrons. Water Hy0, heavy water D,0

- and graphite C, more rarely, beryllium Be, have become the most widespread modera-
tors. Heavy water is expensive and is usually used in cases where natural uranium
is used as the fuel without enrichment. Ordinary water is used as the moderator
for enriched fuel. Graphite, which is a cheap material, is frequently used as the
moderator in gas- or water-cooled reactors.

The purpose of the reflector is to increase the number of neutrons in the core and
equalize the density distribution of the neutron flux throughout its volume. As
the reflectors in the thermal neutron reactors, as a rule, the same materials are
used as for the moderators (water, graphite). The core of fast neutron reactors

- usually is surrounded by a natural uranium reflector. The upper and lower parts of
the core fuel elements are filled with natural uranium which forms the upper and
lower reflectors. In fast neutron reactors the reflector made of natural uranium
is simultaneously a breeding blanket where the plutonium breeding reaction takes
place (see the plutonium cycle above).

Coolant. Heat can be removed from the reactor core by two different methods: a
coolant is pumped under pressure independently through each fuel tube or through
the entire core. In the former case the pressure is taken by the walls of the fuel
channels, and in the latter case, by the reactor vessel. Therefore the first type
of reactor is called a channel reactor, and the second type, a vessel reactor.

The basic coolant materials are water (ordinary water and heavy water), gases, liq-
uid metals and organic liquids. Water is the most widespread coolant (and modera-
tor) of nuclear power plant reactors.

The basic requirement imposed on water in nuclear power engineering is purity.
This arises from the fact that under the effect of water the reactor materials and
- the materials of the entire circuit are subjected to corrosion and erosion, the
products of which cause induced activity of the coolant. In addition, under the
effect of radiation decomposition (radiolysis) of the water into hydrogen and oxy-
gen takes place, and hydrogen peroxide is formed. The mixture of these gases is
- explosive, and the presence of gases has a significant influcnce on the accelera-
tion of the corrosion processes in the circuit. Therefore during operation of the
reactor the water is purified on ion-exchange or high-temperature inorganic fil-
ters.

Reactors with water coolant and moderator are called water-cooled, water-moderated

- power reactors (VVER), and reactors with water coolant and graphite moderator are
called water~cooled, graphite-moderated reactors (VGR). They are also frequently
called light-water (the coolant is ordinary water), heavy water (the coolant is
heavy water), or uranium-graphite reactors (the fuel is uranium, moderator is
graphite).

The reactors with water coolant are divided into nonboiling reactors that operate
in the water mode, =»nd boiling reactors in which steam is obtained directly in the
core and fed to the turbines.
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The most widespread among the gas coolants is carbon dioxide combined with graphite
moderator. Helium is a prospective coolant for fast neutron reactors and for fill-
ing the linings of channel reactors as a result of high thermal conductivity almost
10 times greater than the thermal conductivity of carbon dioxide. However, helium
is highly fluid and expensive, which is holding up its application in large power
plants. Air can be considered an acceptable coolant. However, it is strongly ac-—
tivated as a result of the presence of argon; therefore it is not used in the high
neutron flux zone in large power reactors.

Gases have a small thermal neutron capture cross section, low heat capacity and

small heat transfer coefficient, which requires large volumes when they are pumped
. through the core. Decreasing the volumes of pumped gases leads to an increase in
pressure on the reactor vessel, which causes difficulty in building high-presiure
vessels. However, the gases can be heated to high temperatures. The upper temper-—
ature limit of heating a gas is limited by the maximum adinissible teanperature of
the structural materials of the fuel elements and core. The creation of high-tem-—
perature structural materials has made it possible to heat gases in modern reactors
to 1,000° C. .
Liquid metals are good coolants and are primarily used in fast neutron reactors.
This is explained by the fact that they do not slow down the fission neutrons and
have good thermophysical prcperties., The high hoiling point of the majority of
metals permits high-temperature circuits to be built with low pressure in them.
Among the liquid-metal coolants, sodium has become the most widespread. Among the
deficiencies of sodium as a coolant which must be considered when designing the
cooling systems are increased explosiveness on interaction with water, high induced
activity on irradiation by neutrons in the reactor, the necessity for forced heat-
ing to 100° C when filling the circuit system and during prolonged shutdowns of the
reactor and the necessity for manufacturing sufficiently reliable unique equipment
designed to pump a liquid metal.

Safety and Control Rod System (SUZ). The safety and control rod system is designed
for starting the reactor, bringing it up to designed power, increasing and main-
taining a given power, shutdown and shutdown cooling* of the reactor. In additionm,
if there is a deviation from the normal operating conditions the safety and control
rod system must provide for emergency shutdown of the reactor.

The safety and control rod system of the reactor is one of the principal systems
providing for control and safety of the nuclear power plant. It consists of three
groups of rods (systems) having defined functions:

the shim rods (KS) are designed to compensate for variations in reactivity when
the reactor goes from the cold to the hot state (variation of the thermal coeffi-
cient of reactivity) and to compensate for slaggiig and burnup of the fuel;

the automatic (AR) or manual (RR) control reds are designed to maintain the reactor
power and the basic parameters of the coolant on a given level by small variation

* Shutdcwn cooling of the reactor is reduction of the temperature and pressure of
the coolant to normal when shutting down the reactor, taking place according to
defined conditions.
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of reactivity. When the effectiveness of the AR rods turns out to be insufficient
for these purposes, part of the KS rods are used jointly with them;

the safety rods (AZ) are designed for fast shutdown of the reactor in an emergency.

The reactor power is varied by varying the number of neutrons participating in the
fission process in the core. The variation of the neutron balance in the reactor
is possible by introducing materials into the core that absorb the neutrons par-
ticipating in fission well cr by increasing the leakage of neutroms out of the
core, for example, by shifting the reflector.

Power reactors have SUZ consisting of rods of various shapes: cylindrical, pris-
matic, cross, hollow and solid, spherical. Materials with large thermal neutron
capture cross section (probability) are used as the absorber in the working parts
of the SUZ: boron or cadmium in the form of alloys with structural materials or
joints included in the jackets. Sometimes provision is made for injection of a
liquid absorber (boric acid solution) into the coolant.

Shielding. The shielding of the nuclear reactors of nuclear power plants can per-
form several functions: reduce the radiation fluxes to the admissible level (bio-
logical shielding) and protection of responsible structural elements of the nuclear
reactor from extraordinary overheating and radiation damage (heat shielding). The
absorption of radiation energy in the vessel material or the concrete shielding
leads to the development of high temperatures and temperature gradients and, as a
consequence, to the occurrence of significant thermal stresses. In addition, under
the effect of radiation over a prolonged period of time the materials change their
physical-technical characteristics: steel becomes brittle, and the concrete fill-
ers swell nonuniformly, as a result of which the concrete can lose its strength
characteristics which can lead to an emergency. Therefore frequently shields made
of heat-resistant radiation-resistant materials that absorb the excess radiation
energy and are called heat shields, are installed in front of the highly loaded,
responsible structural elements (for example, the vessel or stack of the reactor
and also in front of the concrete biological shielding). The reactor vessel can
have a heat shield made of cast iron or steel, and protection of the concrete bio-
logical shielding is possible by installing a layer of heat-resistant concrete or
other heat-resistant materials with desirably high thermal conductivity in front of
it.

The biological shielding of the reactor is designed to lower the radiation fluxes
to the admissible level. The biological shielding of the reactors of nuclear power
plants, as a rule, is made of ordinary heavy concrete (see Chapter 5). The use of
concrete arises from its relatively low cost and also good shielding properties
against neutron and gamma radiation.

Structural Diagrams of the Reactors of Nuclear Power Plants

Vessel-Type Water-Cooled, Water-Moderated Reactors. The best assimilated power re-
actors, which have become widespread at nuclear power plants, are the water-cooled,
water-moderated rea~tors which are divided into two types: without boiling the

water under pressure VVRD (PWR--pressurized water reactor) and boiling the water
= VVRK (BWR--boiling water reactor).
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The schematic diagram of a vessel-type pressurized water reactor will be considered
in the example of the VVER-1000 water-cooled, water-moderated reactor of the Novo-

voronezh Nuclear Power Plant (Figure 1-2) [46].
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Figure 1-2. VVER-1000 water-cooled, water-moderated reactor. 1l--removable cover
of the vessel; 2--guide tubes for the servoelements and drives of the
- safety and control rod system; 3--clamping cylinder; 4--coolant outlet;
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Key to Figure 1i-2 (continued)

5--separating shell; 6--coolant inlet; 7--clamping plate; 8--restrain-
ing belt; 9--reactor vessel; 10--assemblies with fuel elements; 11--
core basket; 12--vessel heat shielding; 13--supporting plate (for the
assemblies); l4-~-heat insulation; 15--annular tank with water or "“dry"
heat shielding; l6--brackets and girder for supporting the vessel;
17--drive rod of the SUZ servoelements; 18--annular sealing and com-
pensating sheet; 19--lining of the facility; 20--hoods for the SUZ

_ servoelement drives; 21--cooling air imlet; 22--cooling air outlet.

The water is fed by circulating pumps through the lower connecting lines, and it
drops under the core through the annular clearance between the reactor vessel and
the core basket. As the water moves downward it cools the vessel, simultaneously
acting as additional shielding of it from the neutrcns. Rising and passing through
the clearances between the core fuel elements, the water is heated and removed from
the reactor through the upper connecting lines. Different auxiliary equipment is
located both under and over the core: the reactor power regulating elements, the
temperature gauges, and so on. The rod fuel elements assembled in clusters are in-
stalled in the basket, fixing the mutual arrangement of the fuel elements and the
SUZ rods, the elements of which are fastened inside the vessel. The connecting
lines for attaching the main pipelines are located above the lateral cylindrical
part of the vessel. The reactor in assembled form, supported by brackets or pro-
jections of the vessel on an annular girder, is suspended in a concrete shaft which
performs the functions of biological shielding.

The heat shielding of the concrete shaft which simultaneously serves as a moderator
for the ionization chambers of the reactor SUZ has up to the present time been made
in the form of a tank filled with water located between the vessel and the shaft.

A more reliable, cheaper and more convenient shielding is the so-called "dry"
shielding which can be made of ordinary or heat-resistant concrete.

The basic parameters of Soviet pressurized water reactors are presented in Table
: 1-1.

A schematic diagram of a Loiling water reactor with internal steam separation is
- presented in Figure 1-3,

Table 1-1. Basic Parameters of Water-Cooled, Water-Moderated Power Reactors

Indices VVER-210 VVER-365 VVER-440 VVER-1000
Power, MW:
Electric 210 365 440 1,000
Thermal 760 1,320 1,375 2,940
Efficiency (gross), % 27.6 27.6 32.0 34.0

Saturated steam pressure in front of

the turbine, MPa 2,9 2.9 4.5 6.0
Pressure in the reactor hull, MPa 10.0 10.5 12.5 17.0
Number of circulating loops 6 8 6 4
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Table 1-1 (continued)

i Indices VVER-210 VVER-365 VVER-440 VVER-1000
Main circulating pump feed, m®/hr 5,600 5,600 6,500 17,000
Power of one turbogenerator, MW 70 . 73 220 500

The drives and servoelements of the SUZ are usually located underneath the core.
The servoelements of the SUZ are analogous to those installed in the PWR (cross
rods or tubes with boron carbide placed between the fuel assemblies). As a result
of the lower critical loads, the dimensions of the fuel elements in the BWR are
larger than in the PWR. The core is located inside the vessel. A separator module
which forms a cylindrical cavity between the core and the separators--a steam-water
mix chamber—--is installed over the core basket. From this chamber the steam-water
mix goes to the turboseparators where wet steam is obtained (wetness to 10 per-
cent). The steam is dried by baffle-type separators located in the upper part of

the vessel.

’
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Figure 1-3. Schematic of a BWR reactor. I--pressure chamber; II--steam-water mix
chamber; III--separated water and wet steam zone; IV--dry steam cav-
ity; l--cover; 2--baffle separator; 3--separator module; 4--steam
outlet; 5--turboseparator; 6--water level; 7--tubes with steam-water
mix; 8--steam-water chamber cover; 9--separated water tap; 10~--steel
vessel; ll--core basket; 12--fuel assembly; 13--bearing-separating
assembly; l4--water feed from the pump; 15--SUZ hydraulic drives.

_ The BWR reactor, just as the PWR reactor, is recharged after it is shut down and
the pressure lowered: the cover is removed and the separator module is taken out
with the steam-water chamber cover. The pressure in the BWR reactor vessel caused
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by the possibilities of intravessel separation and stability of the neutron flux,
is, as a rule, about 7.0 MPa,

Reactors With Graphite Moderator. The reactors with graphite moderator are wide-
ly used for nuclear power plants as a result of the possibility of using natural,
slightly enriched metallic uranium or uranium dioxide as the fuel, obtaining a
higher breeding ratio than in the water-cooled, water-moderated type reactors,
applying high-temperature gaseous coolants in combination with graphite and also
creating systems for recharging without shutting down the reactor.

Graphite-moderated reactors can be both vessel- and channel-type. For vessel-type
graphite reactors the coolant used is carbon dioxide, helium and more rarely, other
gases (gas-graphite reactors GGR), and for channel-type reactors, ordinary water
(water-graphite reactors WGR).

The primary deficiencies of the graphite reactors are high requirements on the
purity, structure and radiation resistance of the graphite which operates at high
temperatures and significant neutron fluxes. The structural difficulties comsist
in rigid requirements imposed on the geometric dimensions, verticalness and co-
axialness of the channels and also high reliability of an enormous number of inde-
pendent channel cooling systems.

The WGR reactor is a set of vertical channels inserted in holes in a graphite block
lining which constitutes the moderator and reflector. The lining is placed in a
sealed vessel filled with inert gas under pressure close to atmospheric. The load
from the weight of the core itself is taken by the lower support plate. The top
plate, analogous to the bottomplate, rests on a tank filled with water serving as
the heat shield for the concrete biological shielding. The header system of cool-
ant pipes from common and group plenums to the heads of the channels is located be-
tween the cover of the reactor section and the top plate. The channels run through
the space for distribution of the coolant, and they end at the recharging heads.
The recharging is done by a special machine installed on the cover of the reactor
section. The space under the reactor is taken up with the SUZ drive arrangement.

Table 1-2. Basic Parameters of the WGR Reactors of the Beloyarskaya Nuclear Power

Plant
First Second On Transcriti-

Indices Block Block cal Parameters
Power, MW:

Thermal 286 530 2,220

Electric 100 200 1,000
Efficiency (gross), % 36.3 37.8 - 45
Number of circulating loops 2 1 1
Power of one turbogenerator, MW 100 100 500
Core diameter, m 7.2 10.2
Core height, m 6.0 6.0
Type of fuel U0, uc
Weight of graphite lining, t 810 1,200
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Table 1-2 (continued)

First Second On Tramscriti-
Indices Block Block cal Parameters

Steam parameters ahead of the turbine:
Temperature, °C : 500 540
Pressure, MPa 9.0 . 24.0

\
i

Table 1-3. Basic Parameters of RBMK [High-Power Channel-Type Reactors]

Indices REMK~-1000 RBMK-2000 RBMKP-2000 RBMKP-2400
Power, MW:

Thermal 3,200 6,280 5,620 6,500

Electric 1,000 2,000 2,000 2,400
Efficiency (gross), % 31.3 31.8 35.6 37.0
Power of one turbogenerator, MW 500 1,000 1,000 1,200
Core diameter, m 11.8 13.5 13.5 27 x 7.5%
Core height, m 7.0 ; 7.0 7.0 7.0
Type of fuel U0, U0, Uo, U0,
Weight of graphite lining, t 2,000 4,000 4,000 -

* Length x width.

Table 1-4. Basic Parameters of Fast Neutron [BN] Reactors

Indices BN-350 BN-600 BN-1000 BN-1500
Power, MW:
Thermal 1,000 1,470 2,250 3,500
Electric 150 600 1,000 1,500
Freshwater output, m3/day 120,000 - - -
Efficiency (gross), % 35 43 43 43
Number of circuits 3 3 3 3
Coolant Sodium
Number of cooling loops 6 3 - -
Power of one turbogenerator, MW ' 50 200 500 500
Steam parameters ahead of the turbine:
Temperature, °C 440 505 500-510 500-510
Pressure, MPa 5 14 13.0-16.0 13.0-16.0

The weight of the reactor is transferred to the concrete using welde? metal struc-
tures which are simultaneously used for biological shielding and (together with the
vessel) form a field cavity filled with a mixture of helium and nitrogen--the reac-
tor space in which the graphite lining is placed.

In the WGR reactors of the Beloyarsk Nuclear Power Plant (Table 1-2), super-
heated steam is obtained directly in the hot channels of the core. For this pur-
pose there are two types of channels--evaporation and steam superheating channels.

12
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In the cvaporation channels the water is converted to a steam-water mix which is
fed to the separator. The steam, separated from the water in the separator, goes
to the superheated steam channels and is removed from the reactor at 480° C and

9 MPa (nuclear steam superheating). On passage through the core the steam is acti-
vated; therefore the turbine condensers, the live steam lines and other auxiliary
equipment at such nuclear power plants must be surrounded by biological shielding.

3

Figure 1-4. Section of the nuclear power plant building with the RBMK-1000 reactor
in the vicinity of the reactor pit. 1--steel blocks; 2--ordinary con-
crete; 3--iron-barium-serpentinite concrete stone; 4--serpentinite;
5--sand; 6--water.

The further development of reactors of this type has proceeded along the path of
simplifying the structural design of the channels (one-way movement of the cool-
- ant), replacement of stainless steel, which has a significant neutron capture cross
section, by zirconium (improvement of the neutron balance), the use of the well-
assimilated dioxide fuel in the form of clusters in a zirconium jacket, an increase
in the unit power and also provision for almost continuous recharging. These
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Figure 1-5. Nuclear power plant building with RBMKP-2400 reactor.
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Key to Figure 1-5:

a~-section; b--plan; l--steam separator; 2--collecting group plenums; 3--top water
pipes; 4--steam-water mix pipes; 5~-intake plenum; 6--top block; 7--distribution
group plenums; 8--main circulating pump; 9--delivery plenum; 10--feedwater plenum;
1l--reactor core; 12--lower maintenance wnachine; 13--bottom block; l4--side block;
15--bubbler basin; l6~-saturated steam plenum; 17--superheated steam plenum; 18--
superheated steam lines; 19--saturated steam lines; 20--loader; 21--evaporation
section; 22--superheating section; 23--evaporation loop box; 24--superheating loop
box.
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Figure 1-6. General view of a gas-graphite reactor in a reinforced-concrete ves-
sel. 1l--reactor vessel made of prestressed reinforced concrete; 2--
gas blower; 3--steam generator; 4--heat shield; 5--core lining; 6--
steam outlet; 7--heat insulation of the vessel; 8--internal sealing
lining of the vessel; 9--channel; 10--fuel recharging machine; 11l--hot
gas chamber; 12--internal vessel forming a cold chamber for feeding
part of the gas to cool the moderator; 13--feedwater supply; 1l4-——

structural supports; 15--feed of part of the gas from the gas blower
to the core.
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reactors, called RBMK (high-power, channel-type reactors) (see Figure 1-4) are in—
stalled at many nuclear power plants in the USSR (Leningrad, Kursk, Smolensk,
Chernobyl'skaya, and so on).

As a result of improving the RBMK-type reactors, designs have been developed for

various powers of these reactors: RBMK-1000, RBMK-2000, RBMKP-2000, RBMKP-2400.

In the last two provision has been made for superheating of steam. The basic pa-
rameters of the RBMK reactors are presented in Table 1-3.

The effort to organize industrial methods of manufacture and installation of reac-
tors and also to vary their unit power depending on the power engineering require-
ments has led to the development of a design for a sectional-modular RBMKP-2400
uranium-graphite reactor (Figure 1-5). This reactor is assembled from standard
central and end sections. In plan view the core is a rectangle, the length of
which is determined by the number of central sections. The reactor sectionms are
portable, autonomous and include the required equipment, monitoring and control
elements.

The gas-graphite vessel-type reactor GGR for nuclear power plants has become the

most widespread in England and France. An example of the structural design of an
improved gas reactor (UGR) in a vessel made of prestressed reinforced concrete is
presented in Figure 1-6.

The future of nuclear power engineering belongs to the fast neutron reactor (BN).
Along with obtaining power, breeder reactions are realized in such reactors (see
above). Gases or liquid metals, primarily sodium, are used as the coolant in fast
neutron reactors.

For the BN-600 power reactor (Figure 1-7) built at the Beloyarskaya Nuclear Power
Plant, an integral (tank) arrangement of the radioactive process equipment was
used: core, pumps and intermediate heat exchangers are located in a single sealed
tank. The high coolant temperatures at the exit from the core increase the effi-
ciency of the nuclear power plant and permit the use of steam with the parameters
adopted at modern thermal electric power plants (Table 1-4).

1-2. Types of Nuclear Power Plants. Primary Process Equipment
Flow Diagrams of Nuclear Power Plants

The consumption charts for electric power generated by all types of electric power
plants are nonuniform and depend on the time of day (there is a sharp decrease in
electric power consumption at night and an increase during the day with a trough at
the lunch break), the day of the week (a decrease in electric power consumption on
Saturday, Sunday and holidays) and time of year (a decrease in electric power con-
sumptior in the summer as compared to the winter).

In order to increase the maneuverability and reliability of the electric power sup-
ply and also to improve the quality of electric power supply, the power plants have
been joined into a common power system which offers the possibility of decreasing
the power reserve at each electric power plant as a result of noncoincidence in
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time of the peak loads in different areas, and it facilitates the passage through
the nighttime load dip.

Nuclear power plants, just as thermal electric power plants, can operate in a com-
mon power system joined by electric networks, and they can operate in isolation,
covering the needs of a defined area, for example, in inaccessible parts of the So-
viet Union or in areas where there are no nearby organic fuel deposits.

In order to cover the peak loads it is efficient to create "peak" power plants
which operate for a relatively short time (1 or 2 hours a day or less). The basic
requirements imposed on these plants is maximum reduction of the cost of equipment.
The cost of the electric power (the efficiency of the device) does not have deci-
sive significance in this case.

The majority of thermal plants are equipped as base plants, that is, for prolonged
operation in the rated mode. Considering the significant capital consumption of
nuclear power plants, at the present time they are basically built also as base

- plants.

Just as the thermal electric power plants, the nuclear power plants are divided
into condensation and heat-electric generating plants, At the condensation nuclear
power plants, after the turbine (which is also called a condensing turbine) the
steam goes to a heat exchanger-condenser in which the residual heat is transferrea
to cold water from the sea, a river, a cooling pond or cooling tower.

In the heat and electric nuclear power plants the heat removed from the turbines
(heat and electric generating turbines) can be sent to the users for subsequent use
in the form of hot water or steam (for enterprises, heating buildings, and so on).
These plants are called nuclear heat and electric power plants (ATETs).

In the modern nuclear power plants the working substance (the substance which per-
forms work converting thermal power to.mechanical) is steam.

There are several flow diagrams for nuclear power plants (Figure 1-8), but in any
of them it is necessary to construct biological shielding around the equipment
which is a source of ionizing radiation. This shielding can be provisionally di-
vided into primary shielding--the shielding for the reactor itself--and secondary
shielding--the shielding for the pipelines and other equipment, access to which is
possible after the reactor is shut down.

In the single-circuit layout of a nuclear power plant (Figure 1-8a) the coolant and
the working substance coincide. The steam formed in the core is separated and fed
to the turbine. The spent steam is condensed and again fed to the reactor. This
system is characteristic of boiling reactors in which all of the equipment, includ-
ing the turbine, operates under radiation conditions,* which is one of the defi-
ciencies of the system. However, a significant advantage of such nuclear power
plants is a smaller amount of heat engineering equipment and, consequently, a de-
crease in heat losses and an increase in efficiency.

* Here and hereafter the term "radiation conditions' means the presence of exces-
sive ionizing radiation and radioactive isotopes in the work areas.
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TETTEEERNR

Figure 1-7. BN-600 fast neutron reactor. 1--supporting structure; 2--reactor

tank; 3--pump; 4—-pump electric motor; 5--rotating plug; 6--top sta-
tionary sealing; 7--heat exchanger; 8--central SUZ assembly; 9-—charg-

ing device.

The two-circuit nuclear power plants have become most widespread, in which the

coolant and working substance circuits are separate (Figure 1-8b). The radioactive
coolant circuit is called the primary circuit, and the nonradioactive working sub-
stance circuit, the secondary circuit. The coolant, which is heated in the core,

is fed to a steam generator, it transfers heat to the water of the secondary cir-

cuit which converts it to steam, and it is returned to the reactor by a circulating

18

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2

pump.

FOR OFFICIAL USE ONLY

densed, and the condensate is returned to the steam generator.

The steam formed in the steam generator is fed to a turbine, then it is con-
The absence of ra-

dioactivity in the secondary circuit simplifies operation of the plant.
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Figure 1-8.

Flow diagrams of nuclear power plants.

g &

=

~

- N

N

V599,

7

[

L //]’77//1’//

zy 1 c

/
7 / 4 -
[ e 5
¢
’ / I 5
% % 1 .
L % o
ALV “ l
N g ] 7
%
g 0
1 1Y /
T ¥ &
//////7{//1///// /V/////Z
\ g 1n d g 1 039 8

a--single-circuit; b--double-

circuit; c--incompletely double-circuit; d--triple-circuit; l--reac-
tor; 2--primary biological shielding; 3--secondary biological shield-
ing; 4--pressure regulator in the circuit; 5--turbine; 6--electric
power generator; 7--condenser or gas cooler; 8--pump Oor compressor;
9--coolant or working substance makeup tank; 10--recovery-heat heater;
1l1-~circulating pump; 1l2--steam generator--l3--intermediate heat ex-

changer.

In the two-circuit system the nuclear power plants operate with vessel-type water-
cooled, water-moderated reactors, for example, the Novovoronezh.

Plant.

Nuclear Power

Water, gas or crganic coolants can be used as the coolants in the primary circuit

of the two-circuit system.

Quite high pressure should be maintained here to avoid

boiling of the coolant and in connection with the necessity for having a sufficieant
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In order to increase the efficiency of nuclear power plants it is desirable to feed
superheated steam to the turbines. Accordingly, the incompletely two-circuit heat

- output system has appeared (see Figure 1-8c). The water heated in the reactor is
fed to a steam generator and is returned to the reactor. The saturated steam
formed in the steam generator is fed to the reactor for superheating, and therefore
it is simultaneously a coolant and a working substance. Then the superheated steam
is fed to the turbine. This system is called a nuclear superheating system. The
channel-type water-cooled, graphite-moderated reactors of the Beloyarsk - Nuclear
Power Plant operate by this system.

Sodium which reacts violently with water and steam is used as the coolant in fast
neutron reactors. Accordingly, an additional intermediate circuit has been built
which excludes the possibility of failure of the primary radioactive circuit even
in case of an emergency. These nuclear power plants are called three-circuit
plants (Figure 1-8d). Sodium circulates in the primary circuit, It passes through

- an intermediate heat exchanger and releases heat to the sodium of the secondary
circuit. The sodium of the secondary circuit, passing through the steam generator,
gives off heat to the water of the third circuit; the system does not differ from
the two-circuit system after that. The presence of a second, intermediate circuit
leads to an increase in capital expenditures, but it ensures safe operation of the
reactor. The three-circuit output system has been used in the BN-350 reactor at
the nuclear power plant built at Shevchenko.

In recent years significant development has taken place in the design and comstruc-
tion of floating (on barges) nuclear power plants (PAES). The primary advantages
of the PAES by comparison with the ordinary nuclear power plants are the following:
the possibility of selecting the base station of the PAES near the electric load
center, independent of seismic conditions, unlimited cold water reserves and the

- possibility of using a direct-flow water supply system (see below), the use of a
standard design for a series of power plants not requiring adaptation to local con-
ditions and, accordingly, reduction of the design times, higher quality of con-
struction and installation work, and future reduction in construction cost. These
power plants are built on the basis of ordinary pressurized water reactors.

In recent years a great deal of attention has begun to be given to- the possibility
of using nuclear reactors to build heat supply nuclear plants (AST). This is ex-
plained by the creation of reliable and economical small and medium power reactors.
As a result of the absence of heat losses in the exhaust gases, the thermal effi-
ciency of the AST is higher than that of industrial, district and, especially,
block and local boiler rooms. In addition, the use of AST leads to reduced air
pollution in cities, for the nuclear sources are the most "humane" of the known en-
ergy sources.

All of the heat engineering equipment of nuclear power plants has been subdivided
with respect to process stages into reactor, steam generating, steam turbine and
condensation units and the condensation-makeup cycle. The interrelation among
these elements forms the heating system of the plant [37, 50].

The purpose of the basic process equipment can be demonstrated in the example of a

simplified heat diagram of a two-circuit nuclear power plant with water-cooled,
water-moderated reactor (Figure 1-9).
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Figure 1-9, Heat diagram of a two—circuit nuclear power plant.

Heating of the coolant (water) takes place in the reactor 3. The water goes
through the lines of the primary circuit equipped with a slide valve 5 to the steam
gererator 7. In the steam generator heat transfer takes place from the coolant to
the working substance of the secondary circuit, steam is generated, which is fed to
the high-pressure cylinder of the turbogenerator 1ll. The coolant from the steam
generator is fed to the reactor by the main circulating pumps 6 through the lines.
Thus, the purpose of the primary circuit is transfer of the heat released in the
reactor to the working substance. The expansion tank 4 is designed to compensate
for the thermal expansion of the coolant during heating up and cooling down of the
reactor.

In order to keep the water in the primary circuit pure, on the given level continu-—
ous removal of the impurities formed as a result of corrosion of the structural ma-
terials is requited. The impurities are removed by tapping (blowdown) of part of
the water, purification of it and subsequent return of it to the circuit. The
blow-off water consumption is determined by the normative content of impurities in
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the.coolant, and it can vary within quite broad limits for various types of nuclear
power plants (for example, it is 0.5 ton/hr at the Beloyarskaya Nuclear Power Plant
and 25 tons/hr at Novovoronezhskaya).

In the investigated system the blowdown water is taken from the line located be-
tween the main circulating pump 6 and the slide valve. The blowdown water passes
through the blowdown cooler 27 fed by the pump 20, the filter group 18 (ion ex-
change filters) and returns to the circuit.

Another method of purifying the primary circuit water which is used along with con-
tinuous blowdown is special water purification. The primary circuit water (or
leaks, drainage water, and so on) is collected in the active condensate tank 23,
and it is pumped to the evaporation units 25 where as a result of tapping hct steam
from the turbine, the condensate evaporates which then is sent to the filter group
18 and collected in the pure condensate tank 26. TFor the greatest purification of
the condensate, the activity reaches 1078 curies/kg and it is taken as standardized
for the condensate of a single-circuit nuclear power plant. The condensate vapor
goes through a special wastewater disposal system to the liquid waste storage 24,
The purified condensate is pumped to the makeup deaerator 1 for degassing and is
returned by the makeup pump 2 fo the reactor 3.

The steam formed in the steam generator 7 completes work in the high-pressure cylin-
der of the turbounit 11 and is humidified. In order to decrease the corrosion of
the low-pressure cylinder vanes of the turbine, which depends on the moisture, af-
ter the high-pressure cylinder the steam is passed through the separator 12 where
the moisture is separated out, the heater 13 and then to the low-pressure cylinder.
The separator condensate goes to the deaerator 10 for degassing. The steam is su-
perheated in the steam superheater 13 by tapping off live steam from the steam gen-—
erator 7.

After the turbipe the spent steam is condensed in the condenser 28 and it is pumped
by the condensate pump 15 through the recovery-heat low-pressure heater (PND) 14 to
the deaerator 10 for degassing. The condensation of the spent steam in the conden-
ser 28 is realized by the service water from the sea, a river, cooling pond or cool-
ing tower.

The purpose of the recovery-heat heating of the feedwater is to increase the effi-
ciency of the nuclear power plant as a result of removal of heat. from the steam in
the turbine and transfer of it to the feedwater for heating. The condensate formed
here is returned to the feed cycle. Theoretically, the more steam tapped from the
turbine and the more feedwater heaters, the higher the efficiency of the cycle.
However, increasing the temperature of the feedwater is permitted to a defined
1imit where the increase in efficiency does not compensate for the additional ex-
penditures on equipment (the recovery-heat heaters, steam generator) .

The purpose of the deaerator 10 is to purify all of the condensate formed to remove
the gases dissolved in it as a result of boiling during heating by the steam from
the high-pressure cylinder. The degassed condensate is collected in the deaerator

tank and is pumped by the feed pump 9 through the recovery-heat high-pressure
heater (PVD) 8 to the steam generator 7. The feedwater is heated in the PVD by
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steam from the turbine high-pressure cylinder. The condensate formed is sent to
the deaerator 10 for degassing.

The purification (blowdown) of the secondary-circuit water is accomplished by trap-
ping the water from the steam generator with subsequent feed to the expansion tank
22, the cooler 21 and the filter group 18. The purified feedwater is collected in
the tank 16 and pumped to the turbine condenser. The feedwater makeup for the sec-
ond circuit is realized by feeding the "raw" water by the pump 17 to the clarifier
19, collection of the clarified water in the tank 16, from which it is sent through
the filter group 18 to the pure condensate tank 16.

The described heat diagram of the nuclear power plant with water-cooled, water-
moderated reactors in metal vessels, which is the system used in the third power
unit of the Novovoronezhskaya Nuclear Power Plant, has become most widespread, and
it is used at a number of Soviet and foreign nuclear power plants. The Kola and
the Armenian nuclear power plants and also the Nord Nuclear Power Plant (GDR), the
Kozloduy (People's Republic of Bulgaria), Paksh (Hungarian People's Republic), Had-
dam Neck (United States), Stade (FRG), and others operate by this system.

In the third stage of the Novovoronezh Nuclear Power Plant, the VVER-440 reac-

tor was installed which has six circulating loops (one loop is presented in Figure

1-8). Each loop has a steam generator 7 and circulating pump 6. The lines and the

slide valves are made from austenitic steel. The water pressure in the circuit is

12.3 MPa, and the temperature at the exit from the reactor is 300° C. Two of the

type K-220-44 turbines (with one high-pressure cylinder and two low-pressure cylin-
- ders) operating on saturated steam are provided for each reactor.

Let us consider other heat diagrams of nuclear power plants having characteristic
features.

The heat diagram with a channel-type boiling reactor is used at the Leningrad Nu-
clear Power Plant (see Figure 1-10). Similar systems are used for the Kursk, Smo-
lensk, Chernobyl'skaya and other Soviet nuclear power plants of this type.

_ 410
g 4
7 3 L) ‘
= =
=) ([P '~
| 8
2 ]
17
4
72 7"
=
7
o

Figure 1-10. Heat diagram with channel-type boiling reactor (Leningrad Nuclear
Power Plant).
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Figure 1-11. Heat diagram with vessel-type boiling reactor (Muleberg Nuclear Power
Plant). l--reactor; 2--circulating pump; 3--high-pressure cylinder
of a steam turbine; 4--low-pressure cylinder with steam turbine; 5--
separator; 6--steam superheater; 7--condensate pump; 8--condensate
purification; 9--condensate cooler; 10-~-feed pump; PVD = recovery-
heat heater; PND = low-pressure recovery-heat heater.

The power unit of these nuclear power plants consists of one RBMK-1000 reactor and
two K-500-65 turbogenerators with a power of 500 MW each. Each reactor has two cir-
culating loops (one loop is shown in Figure 1-9) consisting of four circulating
pumps with a feed of 7,000 m3/hr, two external evaporator-separators 2,3 meters in
diameter, 30 meters long and 22 distribution group plenums 300 mm in diameter feed-
ing the reactor channels.

The water in the channels 2 of the reactor 1 is heated to the boiling point, it is
collected in the plenums and sent to the separators 3. After separation, the water
is pumped by the circulating pumps 4 to the reactor, and the saturated steam under
a pressure of about 6.5 MPa with 0.1-0.2-percent moisture is fed to a five-cylinder
turbine with one high-pressure cylinder 7 and four low-pressure cylinders 8. Sepa-
rators 10 and intermediate steam superheaters 9 are installed between the high-
pressure cylinder and the low-pressure cylinder. A characteristic feature of the
nuclear power plant is 100-percent purification of the condensate 11. The purified
condensate is returned by means of the feed pump 6 through the system of recovery-
heat heaters (high-pressure heater and low-pressure heater) 12 and the deaerator 5
to the separator 3.

The heat diagram with a vessel-type boiling reactor and internal steam separation
(Figure 1-11) is used at the Muleberg Nuclear Power Plant (Switzerland). The power
unit of this nuclear power plant consists of a reactor with forced circulation of
the coolant and two turbogenerators of 163 MW each with one high-pressure cylinder
and two low-pressure cylinders. The nuclear power plants of Oyster Creek (United
States), Dresden-2 (United States), Fukusima-1 (Japan), Dodevaard (Netherlands),
Tarapur-1 (India), and so on operate by analogous flow diagrams.
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The systems with boiling vessel reactors, internal separation and natural circula-
tion of the coolant have become widespread. They are used at the nuclear power
plants at Vallesitos (United States), Humbolt Bay (United States), Big Rock Point
(United States), and elsewhere. The heat diagrams of these nuclear pover plants
are similar to the diagram presented in Figure 1-11. The difference consists in
absence of circulating pumps.

The heat diagrams of nuclear power plants with gas-cooled reactors are divided with
respect to thermodymamic cycle into steam-turbine and gas-turbine systems and with
respect to number of circuits, into two-circuit and one-circuit, respectively.

The most widespread are the steam-turbine cycles with gas-graphite and improved gas
reactors (UGR). However, the most prospective are the high-temperature gas reac-
tors (VIGR) [10], which, as a result of high coolant temperatures (850° C and
higher), can also be used for process engineering purposes: in the chemical indus-
try, to obtain artificial methane from coal; in the metallurgical industry they are
used to recover iron from ore.

The heat system with VIGR at the Fort Saint yrain Nuclear Power Plant (United
States) is presented in Figure 1-12. The electric power capacity of the nuclear
power plant is 330 MW. The reactor is cooled by helium under a pressure of 4.8 MPa,
the temperature of which at the entrance reaches 404° C and at the exit, 776° C.
The layout of the reactor equipment is integral. In the two circulating loops
there are two compressors 1 and six direct-flow steam generators 2. The steam un-
der a pressure of 16.6 MPa with a temperature of 538° C is fed to the high~pressure
cylinder 6, then to the compressor 1, it is again heated to a temperature of 538° C
in the steam generator, and it is fed under a pressure of 4.1 MPa to the medium-
pressure cylinder 7 of the turbounit. The recovery-heat heating consists of three
low-pressure heaters, a deaerator and two high-pressure heaters.

The heat systems of nuclear power plants with fast neutron reactors are made in the
loop or tank version. Eazh of these versions has its advantages and disadvantages,
and at the present time there are no grounds for rejecting either of them.

A distinguishing feature of nuclear power plants with such reactors is the presence
of an intermediate circuit between the 1liquid-metal coolant and the steam-water
channel. As an example of a heat system with fast neutron reactor and liquid-metal
coolant, the third power unit of the Beloyarsk Nuclear Power Plant is presented
(Figure 1-13). The BN-600 reactor with basic process equipment of the primary cir-
cuit is placed in a tank 1. Three pumps 4 and six heat exchangers 3 form three
loops. One power unit includes the reactor and three K-200~130 turbines operating
on steam at a pressure of 12.7 MPa and at a temperature of 535° C.

Main Circulating Pumps (GTsN)

The basic requirements imposed on the main circulating pumps connected with their
specific operating conditions (radioactive coolant transfer) is reliability and
seal [78].
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Figure 1-12. Heat diagram with high-temperature gas reactor (Fort Saint Vrain Nu-
clear Power Plant). l--compréssor for helium; 2--steam generator;
3--vessel made of prestressed reinforced concrete; 4--holes for re-
charging fuel; 5--core; 6--high-pressure cylinder (TsVD); 7--medium-
pressure cylinder (TsSD); 8--low-pressure cylinder (TsND); 9--genera-
tor; 10--cooling tower; ll--circulating pumps; l2--condenser; 13--
heater-deaerator; l4--condensate pumps; l15--demineralizer; 16--feed-
water heaters; 17--feed pumps.
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Figure 1-13. Heat diagram with fast neutron reactor (third power unit of the
Beloyarsk Nuclear Power Plant with BN-600 reactor). l--reactor
tank; 2--reactor core; 3--intermediate heat exchanger; 4--circulating
pump; 5--circulating pump electric motor; 6--evaporator; 7--steam
superheater; 8--secondary—-circuit circulating pump; 9--turbine; 10--
condensate pump; ll--condensate purification; 12--low-pressure heat-
ers; 13--deaerator; l4—-pump; l5--high-pressure heaters; 1l6--shutdown
cooling pump; l7--reduction-cooling unit (ROU); 18--cooler; 19--con-
densate pump; 20--trap filters; 2l--sodium drainage tanks; 22--sodium
transfer pumps; 23~-tanks for storing argon.
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The structural execution and materials for making the pumps must correspond to high
requirements in connection with the high corrosion activity and radioactivity of
the transferred water.

The main electric circulating pump TsEN-310 is series manufactured for nuclear
power plants with VVER-440 water-cooled, water-moderated reactors (third and fourth
power units of the Novovoronezhskaya Nuclear Power Plant, Kola and Armenian nuclear
power plants). The drive is an asynchronous electric motor for operation on three-
phase, AC, 50-Hz current and at a voltage of '6,000 volts. The significant heat re-
leases are picked up by an autonomous water- and air-cooling circuit. It is de-
signed to feed 6,500 m3/hr. The weight of the pump with the frame and all of the
accessory products, but without biological shielding is 48 tons (the pump itself is
41 tons). The overall dimensions of the pump are as follows: height from the
stand 6.73 meters, in plan view 3.83 x 3 meters.

The TsEN-195 electric vane circulating pump (Figure 1-14) with mechanical seal of
the shaft and monitored leaks is made for use in a loop of the VVER-1000 water-
cooled, water-moderated reactors which will become widespread in nuclear power en-
gineering in the USSR in the next decade. The TsEN-195 pump installed on the fifth
power unit of the Novovoronezh . Nuclear Power Plant is designed to feed 19,000
m3/hr; its overall dimensions are as follows: height (without rotating crank on
the suction) 9.7 meters, in plan view 2.9 x 2.8 meters; assembled weight 100 tons.

The conversion from high-delivery pumps for nuclear power plants with VVER-1000 re-
actors made it possible to reduce the number of circulating loops servicing the re-
actor to four (by comparison with six loops on the nuclear power plants with the
VVER-440 reactor).

The TsVN-7 circulating pump with mechanical seal of the shaft and controlled leaks
is made for use in the circulating loops of nuclear power plants using the RBMK-
1000 boiling reactors. It is designed to deliver 6,850 m3/hr. Overall dimensions:
height 10.22 meters, height from top to cover 7.69 meters, in plan view 2.7 x 3.23
meters. The total weight 127 tons, electric motor weight 28 tons.

In the case of the pumps with liquid-metal coolant a gas cushion is created over
the sodium level which when the gas leaks completely excludes leakage of the cool-
ant. Structurally the liquid-metal pumps of the primary and intermediate circuits
of the nuclear power plant at Shevchenko with the BN-350 reactor are made identi-
cally, but the primary circuit pump has biological shielding [50, 85]. These pumps
are centrifugal, cradle-mounted with electric motor and mechanical seal, The over-
all dimensions of the BN-350 reactor pump are as follows: height 9.87 meters,
height from the level of the biological shielding to the top of the pump 7.4 me-
ters, diameter of the support plate in plan view 4.6 meters.

Increasing the unit power of the nuclear power plant and, consequently, the pumps,
and also the gas-blowing of the nuclear power plants with gas reactors leads to the
necessity for creating powerful electric motors which are complicated and expensive
to manufacture. Therefore in recent years a trend has been noted toward doing away
with the electric drive and conversion to turbine drive. For this purpose the
drive of the circulating pumps is made in the form of turbines fed the same steam as
the main turbounit of the nuclear power plant.
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Figure 1-14. TsEN-195 main circulating pump with high flow rate (Q = 19,000 m3/hr).
1--hydraulic ball-bearings; 2--service platforms; 3--electric motor;
4--electric motor shaft; 5--flywheel; 6--shaft; 7--coupling; 8--ra-
dial thrust bearing; 9--pickups; l0--seal assembly; ll--lower radial
hydrostatic bearings; 12--pump shaft; 13--impeller; l4--housing; 15--
pins and flange of the main parting seal; 16--diaphragm for sealing
the span between floors.

The height location of the main circulating pump depends on the height at which the
reactor is seated, and more precisely, the coolant input lines. The vertical
height of the output connection of the main circulating pumps must be as close as
possible to the level of the input line of the vessel type reactor or the distrib-
uting group plenum of a channel-type reactor. The electric drive (or the turbine
drive of the two-circuit nuclear power plants) is not radioactive and requires pe-
riodic servicing. Therefore it must be separated from the active part of the pump
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(the impeller itself) by a shielding cover, that is, the pump drive must be located
in a semimanned facility, and the impeller, in an unmanned facility.

The layout of the main circulating pump in plan view is connected with the require-
ment of minimum length of the main circulating circuit lines. Therefore the pumps
must be installed symmetrically and as close as possible to the vertical axis of
the reactor.

When designing the structural components, provision must be made for the possibil-
ity of dismantling the main circulating pump during operation. This work can be
done using the bridge cranes of the reactor section through openings which must be
provided for this purpose. However, as a rule, the cranes of the reactor section
are heavily loaded during a shutdown period. Therefore the boxes of the main cir-
culating pump drive are equipped with independent 1lifting means, the 1lifting capac-
ity of which is chosen beginning with the weight of the heaviest part of the main
circulating pump--the electric motor.

The thickness of the shielding between the facilities for the motors of the main
circulating pump and the circulating circuit facility arises primarily from the ac-
tivity of the circuit lines. For reactors with water coolant the primary source
when calculating this shielding between floors (just as the other shielding struc-
tures of the coolant circuit) is the gamma quanta with an energy of 6.2 Mev from
the 160(n, p)lGN reaction.

The calculated surface activity of the main circulating pump of the nuclear power
plant with RBMK reactor is 1.41 « 107" curies/cm2.* The pump can be represented in
the form of a cylinder 220 cm in diameter, 130 cm high and with a wall thickness of
12 cm.

During the physical startup of the Leningrad Nuclear Power Plant with RBMK-1000 re-
actor the measured value of the specific activity of the circulating circuit water
with an electric power of 800 MW was about 107% curies/k%,** and the exposure dos-
age in the circulating circuit boxes was (390-520) « 10710 A «kg~! (150-200 uR/
sec***) in the corridors near the boxes (0.5-1.3) - 10710 A . kg"1 (0.2-0.5 uRr/
sec), and near the turbogenerator (0.5-2.3) « 10710 A . kg~! (0.1-0.9 pR/sec).

Steam Generators and Separators

For all Soviet nuclear power plants with water-cooled, water-moderated power reac-
tors, horizontal steam generators with tube banks in the form of plenums are used
with submersible surface of the. heat exchanger and built-in separators.

The structural design of the steam generators of the first power unit of the Novo-
voronezhskaya Nuclear Power Plant is presented in Figure 1-15. The heating sur-
faces are a U-tube system of seamless gaging pipes, the ends of which are flanged
to the plenums. The coolant which is collected in the plenum moves along the pipe.

* 1 curie/ecm = 3.7 + 10'% Bk/m2.
*% 1 curie/kg = 3.7 - 1010 Bk/kg.
*%% 1 R/sec = 2.58 - 10~% A/kg.
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In the space between the tubes the water circulation is natural. The outside sur-
face of the tube system is flushed with feedwater converted to steam. In the steam
tank a baffle separator and steam-receiving ceiling are installed over the surface
of the coolant. The weight of the dry steam generator is 104.2 tons. The overall
dimensions of the vessel are as follows: inside diameter 3 meters, length 11.5 me-

ters.
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Figure 1-15. Horizontal steam generator of the first power unit of the Novovoro-
nezh Nuclear Power Plant. l--vessel; 2--heat exchange surface;
3--tube system supports; 4~-feedwater plenum; 5--baffle separator;
6--steam intake plenum; 7--steam-receiving ceiling; 8-—-air conmnec-
tions; 9--supports; l0--inlet and exit coolant plenums.

At the nuclear power plant with VVER-440 reactors, improved steam generators are
installed. Their distinguishing feature consists in the fact that the holes for
servicine (inspection and repair) of the inside cavities of the pipe plenums where
‘the most responsible joints--the ends of the heat exchange tubes--are located, are
placed over the steam generator and not below it as in the steam generators of the
first and second power units of the Novovoronezh Nuclear Power Plant. The
weight of the dry steam generator for the nuclear power plant with VVER-440 reac-
tors is 145 toms. The overall dimensions of the vessel are as follows: inside
diameter 3.2 meters, length 11.25 meters.
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For nuclear power plants with VVER-1000 reactor, a horizontal steam generator of
the improved type for nuclear power plants with VVER-440 reactors but with a sig-
nificant increase in the inside diameter of the vessel and two-stage steam separa-
tion was adopted. This steam generator is suspended from the ceiling of the fa-
cility, which lowers the forces on the lines on thermal expansion of it. The
- weight of the dry steam generator is 265 tons. The overall dimensions of the ves-
! sel are as follows: inside diameter 4.0 meters, length 16.2 meters.

At the nuclear power plant with single-circuit boiling reactors and with loop lay-
out* of the equipment, drum separators are used to obtain the steam with the parame-
ters required for the turbine.

At the Dresden Nuclear Power Plant (United States) a drum separator 2.44 meters in
diameter- and 20.4 meters long is made of carbon steel with an inside coating of
stainless steel. The separation units are made of four rows of centrifugal separa-
tors and two rows of driers. The separators of the Leningrad Nuclear Power Plant
with the RBMK-1000 reactor (two loops of two separators each) are made in the form
of horizontal drums 2.3 meters in diameter, 300 meters long and weighing 200 toms.

The basic distinguishing feature of the steam generating equipment of the nuclear

power plant with a liquid-metal-cooled reactor (BN-350) is the use of two indepen-
dent units to obtain steam: obtaining, heating and steam formation take place in

the evaporator, and superheating, in a steam superheater.

The steam generators of the two-circuit loop nuclear power plants and the separa-
tors of the boiling loop reactors are highly radioactive equipment, and they must
be located in unmanned facilities.

The height of the steam generators of waterw~cooled, water-moderated reactors de-
pends, just as the height of the main circulating pump, on the level of the exit
and entrance tubes of the reactor.

The location of the steam generators and plan view is connected with the require-
ment of minimum length of the primary circuit lines. Therefore they are located
near the reactor vessel and symmetrically around it. Above the openings of the
steam generators in the ceiling there must be openings for Llind flanging of the
tubes in case of detection of a leak. The installation operations in the plenums
of the steam generators are performed through these openings using special remotely
controlled machines.

The drum separators of nuclear power plants with RBMK-1000 reactors must be located
at significant height above the reactor to create an additional head. The arrange-
ment in plan view must correspond to the same requirements as for a steam generator
in loop water-cooled, water-moderated reactors, that is, minimum length of the
lines to the reactor. In plan view the separators can be shifted with respect to
the reactor axis for convenience of performance of operations of recharging the
core.

* With loop layout of the equipment the steam generating equipment is outside the
reactor vessel.
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The thickness of the shielded ceiling and walls of the steam generator box of the
water—cooled, water-moderated power reactors (just as the RBKM-1000) is determined
by the oxygen activity of the water coolant (gamma-radiation with an energy of 6.2
Mev).

Turbines

In the early phase of the development of nuclear power engineering, in comnection
with the development of a large number of various types of reactors generating
steam with different parameters, a large number of turbines were individually de-
signed with a wide range of steam pressures and temperature. At the present time
the following types of steam turbines have been defined for installation at nuclear
power plants: with water-cooled, water-moderated and boiling reactors bein; the
most widespread, turbines that operate on saturated or slightly superheated steam
with a pressure of 5.5-7 MPa are used; with gas and liquid-metal reactors, an ef-
fort is made to use series turbines assimilated at the thermal electric power
plants and operating on organic fuel--turbines with medium~- and high-pressure su-
perheated steam.

The growth of the unit power of nuclear power plants is also leading to growth of

the unit power of the turbogenerators. The most economical version today is con-

sidered to be the building of a reactor-turbine monolithic unit with unit electric
power of 1,000-1,300 MW.

For the turbines of single-circuit nuclear power plants operating on radioactive
steam, it is necessary to build biological shielding, and the steam must be fed to
the cylinder below the service level. Special requirements are also imposed on the
seal of the flange connections of the steam lines (they must be replaced by welded
lines insofar as possible). In the early phases of the design work it was consid-
ered that for manufacture of both the turbine itself and the entire unit it is not
possible to use traditional materials in view of the danger of leaching out copper,
cobalt and other materials from the structural elements of the turbine as a result
of the presence of dissolved oxygen. However, the experience in operation of the
turbines demonstrated that these dangers are exaggerated, and the concentration of
corrosion products can be maintained at a given level by purifying all of the con-
densate returning to the reactor.

The basic parameters of modern Soviet condensation turbines for nuclear power
plants are presented in Table 1-5.

The requirements on the layout of the turbines for the two-circuit nuclear power
plants operating on nonradioactive steam do not differ from the requirements for
the thermal electric power plants on organic fuel. The selection criterion is
minimum expenditures on building the machine room, the steam lines and the feed
lines.

Longitudinal (parallel to the longitudinal axis of the turbine room) and transverse
arrangement of the turbines are possible. An analysis of the expenditures [85] for
longitudinal and transverse arrangement of the turbines demonstrated that a small

cost benefit can be obtained for nuclear power plants with low- and medium-pressure
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turbines in the longitudinal arrangement of the turbines, and for nuclear power
plants with high- and superhigh-pressure turbines, with transverse arrangement of
them. For 500-MW turbines, only longitudinal arrangement is expedient as a result
of their significant length.

The economicalness of transverse arrangement of high- and superhigh-pressure tur-
bines for the monolithic reactor-turbine units is explained by the high cost of the
high-pressure lines. The height of the location of the turbounit is determined by
the dimensions of the condenser located under the turbine.*

At the nuclear power plants with boiling reactors, all the radioactive equipment of
the machine room must be placed under a shielding ceiling which must have openings
for dismantling and repairing the equipment. Usually the shielding of the turbo-
unit is not provided over the service area. However, when necessary in the opera-
tion and maintenance process, it is possible to construct a modular, collapsible
concrete shadow shielding of the turbounit with a lock for the service personnel to
reach the turbine on the service platform.

Table 1-5. Basic Parameters of Soviet Condensing Turbines

K-500-60/1500
K-220-44 (for (for nuclear K-500-65/3000

nuclear power power plants (for nuclear

plants with with VVER-500 power plants
Indices VVER-440) and VVER-1000) with RBMK-1000)
Power, electric, MW 220 500 500
Number of low-pressure cylinders 2 1 4
Total length (turbine + genera-

tor), m 21.9 + 19.3 24,2 + 19.6 39.0 + 17.8

Weight of the turbounit, tons 788 1,300 1,524
Weight of the condenser, tons 582 : 1,120 1,170

The thickness of the shielding ceiling of the machine room and also the walls of
the condensate facility is determined by calculation, and it depends on the mutual
arrangement of a large number of gamma radiation sources (ccndenser, steam and con-
densate lines, recovery-heat heaters and other equipment).

Condensation Units and Service Water Supply Systems for the Nuclear Power Plants

The closed cycle of a nuclear power plant predetermines the necessity for condensa-
tion of the spent steam in the condenser and return of the condensate to the cir-
cuit. The smaller the temperature difference of the steam and the entrance and
exit from the turbine, the higher its efficiency. Since the temperature depends on
pressure, it is necessary to maintain rarefaction in the turbine condensers. The
structural diagram of a surface condenser and the schematic diagram of the conden-
sation unit are presented in Figure 1-16.

The spent steam is cooled by pumping cooling service (desalinated) water by the
circulating pump through the condenser tubes. The steam, passing through the space

* For more details on the requirements on the layout of turbounits see [85, 87].
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between the tubes, is condensed and is pumped by the condensate pump into the cir-
cuit. )

- Cooling water
Steam feed to ejector  outlet
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= gy U1k
Cooling water 8-t~ Steam feed i
inlet . to bubbling disch
. Condensate outlet f condensate § discharge
i . u) . 0)

Figure 1-16. Diagram of a condensation unit (a) and structural diagram of a sur-
face condenser (b). 1l--surface condenser; 2--circulating pump; 3--
condensate pump; 4--steam jet ejector; 5--flange for comnectiom to
the turbine exhaust; 6--cooling pipes; 7--pipe bank; 8--condensate
collector.

The condenser must be sealed to avoid taking in air from the environment. The con-
densate formed with good seal of the tubes of the cooling system is distillate.

For maintenance of the required vacuum in the condenser, special air evacuation
units--steam—air ejectors--are used. Their operation is based on the fact that on
exit from the operating nozzle of the condenser, the working steam (frequently
spent from the turbine) takes away the steam—air mixture from the turbine condenser
with it, creating a vacuum in it.

A defined amount of products of radiolysis and also radioactive gases enter the
condensers of single-circuit nuclear power plants. Therefore, the gas mixture is
removed from the condensers of the two-circuit nuclear power plants to the atmo-
sphere, and from the single-circuit nuclear power plants, through a special venti-
lation system. The distillate formed in the condenser is saturated with oxygen.
Partial removal of the oxygen from the condensate is possible by pumping the steam
through the condensate in the condensate collector (Figure 1-16), that is, organi-
zation of bubbling of the condensate.

Along with the general requirements (ensurance of decondensation and deaeration of
the condensate), special requirements are imposed on the condensation units of nu-
clear power plants:. the possibility of taking steam discharged from the reactors
or steam generators under emergency conditions and also when shutdown cooling of
the reactors is required. This fact determines the peculiarities of the structural
solution of the nuclear power plant condensers which depend on the type of reactor
(time and conditions of its shutdown cooling). Some of the characteristics of the
condensers of modern turbines are presented in [82].
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The calculated specific activity of the turbine condensers of the RBMK-1000 reactor
of the Leningrad Nuclear Power Plant caused by oxygen activity is 3.59 - 10-6
curies/liter.

The water for cooling the condenser is collected by the circulating pump from natu-~
ral water supplies near the power plant (a river, sea, lake) or from artificial wa-
ter areas (reservoirs, pools). If the intake of service water for cooling and dis-
charge of it from the condenser are realized in a natural water area, the water sup-
_Ply system is called direct flow.

When using artificial water supplies, the water from the condensers is sent to spe-
cial units: cooling ponds, spray basins, cooling towers. After cooling in them,
the water is again fed to the condensers. This water supply system is called cir-
culating.

The water consumption and the water supply conditions depend on the power and the
types of turbines and also on the adopted water supply system of the nuclear power
plant.

The lower the steam parameters at the entrance to the turbine, the more water re-
quired to cool the turbounit per kilowatt-hour of produced electric power.

Modern nuclear electric power plants at which turbines operating on saturated, low-
pressure steam have found application, require a very large consumption of service
water for cooling. For example, when installing the turbines with a power of

300 MW with initial steam pressure of 2.9 MPa at a nuclear power plant with a power
of 1,200 MW the service water flow rate for cooling the condensers will be about
500,000 m3/hr.

It is natural that the water consumption also depends on the temperature of the
cooling water fed to the turbine condenser. For wintertime in the central parts of
the country the water flow rate in the direct flow water supply system is reduced
by 50-60 percent by comparison with the summer months.

If highly mineralized seawater is used for cooling, it is necessary to use addi-
tional heat exchangers in which the seawater, moving along an open circuit removes
heat from the service water designed to cool the units of the nuclear power plant
and circulating through a closed circuit.

The cooling system of the condenser is selected depending on the specific condi-
tions: climatic and natural. For example, for the middle belt of the USSR the ad-
missible specific hydraulic load per m? of active area of the reservoir-coolers
when heating the circulating water in the condensers of the steam turbine units by
8-10° C will be 0.04 m3/(m2-hr); for the spray basins under the same atmospheric
conditions with a drop sprayer 0.8-1.0 m3/(m2-hr) and with a film sprayer to 6-7
m3/(m?-hr). For the most effective and most expensive ventilator cooling towers,
the admissible hydraulic load will be 8-10 m3/(m?-hr).

The direct-flow water supply system is the simplest, and it is 15-25 percent
cheaper than the circulating water supply, but its application is possible only
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when building nuclear power plants near large water supplies. The possibility of
water supply through a direct-flow system is also determined by the specifications
of the Gosrybnadzor [State Fishing Inspectorate]: the temperature in the water
must not rise by more than 5° C during the summer as a result of the discharge, and
it must not rise by more than 3° C in the winter; in this case the minimum flow
rates of the river in the low-water period must exceed the demands of the electric
power plant for water by no less than two-three times.

The service water can be supplied through closed water lines or with gentle relief
and large flow rates, along a supply canal. The water can also be removed by a ca-
nal where the water discharge must be no closer than 40 meters to the water intake
(Figure 1-17). A transfer canal is used to transfer the hot water to the water in-
take during the winter to control the frazil ice.

Figure 1-17. Water supply system using rivers and reservoirs. l--current in the
river with the direct-flow system; 2--current in a cooling pond with
circulating system; 3--screens; 4--circulating pumps; 5--delivery
lines; 6-~discharge siphon wells; 7--discharge water lines; 8--
switching sump; 9--discharge channel; 1l0--water outlet; ll--transfer
drainage canal; 12--turbine condensers.

The circulating water supply system finds broad application in the construction of
large condensation nuclear power plants in densely populated areas in the absence
of reliable water supplies and also when building ATETs which are located near pop-
ulated areas.

For the circulating water supply system, the irrecoverable losses of water which
must be made up from the outside, amount to 4-5 percent of the total circulating
water flow rate for cooling towers, 5-6 percent for spray basins, and 0.7-0.8 per-
cent for cooling ponds.

The cooling ponds find the broadest application for the circulating water supply of
powerful nuclear power plants. In order to increase the relative cooling area of
the cooling ponds, special jet-guiding dams are built which deflect the flows of
discharge water from the condensers away from the water-receiving devices.
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The depth of the cooling pond must be no less than 3 meters. It is necessary to
provide for the possibility of filling it from inflowing streams or springs or by
artificial water supply. If it is impossible to build a cooling pond, a circulat-
ing water supply is used with the application of cooling towers which can have ar-
tificial and natural drawing of air through them. In the cooling towers with arti-
ficial draft, the air circulation is provided by fans which makes it possible to
decrease their height,

The schematic diagram of the circulating water supply with cooling tower is pre-
sented in Figure 1-18, Depending on the method by which the contact surface of the
cooled water with the air is achieved, the cooling towers are divided into drop- and
film-type cooling towers. The most widespread at the large nuclear power plants

are the film-type towers which have better technical-economic indices than the drop
towers and, especially, the spray basins.

Air
intake

3

Figure 1-18. Circulating water system for the circulating water supply with a
cooling tower. l-~delivery lines; 2--flume with discharge tubes; 3--
spray heads; 4--lattices; 5--collection basin; 6--exhaust tower; 7--
water supply channel; 8--water-receiving sump; 9--blowing; 10--cal-
cium hypochlorite input; ll--level indicator; 12--pump receiving
valve; 13~-circulating pump; l4--turbine condcnser.

When it is necessary to build nuclear power plants in waterless areas, systems with
cooling of the water in Heller towers or fan towers can be used. The water (low
rates for makeup of such cooling systems are much lower than for ordinary cooling
methods, but the effectiveness of the cooling is reduced, and the electric power
generation of the nuclear power plant is reduced, correspondingly, and the electric
power consumption for the circulating systems of this type increases sharply. In
this case, along with using a circulating system, it is possible to use a mixed wa-
ter supply system; during the low-water periods part of the warm water is dis-
charged into the river above the water intake and after mixing with the cold river
water it is again fed to the electric power plant.

In addition to cooling the turbine condensers, the service water is needed at the
nuclear power plant to cool the equipment. In cases where this equipment is part
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of the safety system of the electric power plant, special requirements are imposed
on the reliability of the cooling water feed. The guaranteed water feed under
emergency conditions and if the electric power plant is deenergized is provided by
installing emergency service water pumps, three independent groups for each power
unit. In order to prevent simultaneous failure of all the pumps in the case of a
fire, each group of pumps is installed in isolated facilities. All of the emer-
gency pumps for the service water supply are connected to a reliable power supply
from a diesel electric power plant. The degree of reliability of the water supply
, must be very high; therefore in case of an emergency with the hydroengineering
structures which can lead to loss of water in the basic service water source, it is
necessary to provide for water to be obtained from a reserve water supply.

Equipment of the Condensation-Feed Channel

The entire water feed channel from the condenser to the steam generator (or sepa-
rator of the single-circuit nuclear power plant) is called the condensation-feed
channel (see Figure 1-9), and the part of the circuit from the condenser to the de-
aerator is called the condensation part, and from the deaerator to the steam gen—
erator (separator), feed.

The heat transferred in the condenser to the cooling water is irreversibly lost.
The heat losses can be reduced by directing part of the steam into the recovery-
heat heater system. The low-pressure recovery-heat heaters are installed between
the turbine condensers and the deaerators, and the condensate is heated in them by
tapping steam from the low-pressure cylinders of the turbine. The high-pressure
heaters are located between the deaerators and the steam generators, and they are
fed steam from the high-pressure cylinders of the turbine.

The recovery-heat heaters used at nuclear power plants are surface heat exchangers,
the advantage of which is the possibility of operation independently of the water
and heating steam prressures. The water can be pumped through several heaters by a
single pump.

The recovery-heat low-pressure heaters are made with tube banks located inside the
vessel. The steam from the taps of the low-pressure cylinders of the turbine is
fed upward to the heater, it washes over the U-tubes through which the feedwater
passes. The condensate is collected in the lower part of the heater and by gravity
or by means of a drainage pump it goes to the space between the tubes of the next
feedwater heating stage. From the last heater the drainage is sent to the turbine
condenser. :

The high-pressure recovery-heat heaters are made with plenums to which the horizon-
tal coils of tubes made in the form of spirals are connected. The steam washing
over the coils is condensed. The recovery-heat high- and low-pressure heaters have
a removable top cover which permits repairs to be made easily.

The basic characteristics of the low- and high-pressure heaters are presented in
[82].
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The recovery-heat feedwater heaters must be located near the turbounit and the con-
denser of the turbine, for the heating is done by steam picked up from the turbines.
In the ceiling over the heaters there must be holes left for possible dismantling

of them for repairs. The installation of the heaters is by the machine room crane
equipment.

The recovery-heat heaters of single-circuit nuclear power plants, which are sources
of radiation, are located in unmanned facilities under the shielding ceiling of the
machine room, the thickness of which is determined considering the location of the
sources (the turbine condensers, the live steam lines, the feedwater lines, and so
on).

The deaerators are designed to remove dissolved gases from the feedwater, for mix-
ing condensate of different temperature, pressure, gas content and also heating the
feedwater. At the nuclear power plant usually thermal mixing deaerating columns
are used with a pressure of 0.4-0.7 MPa combined with deaeration feeder tanks for
collecting condensate. The basic parameters of the deaeration columns of the
Chernovitskiy and the Barnaul plants and also the deaerator tanks are presented in
[82], and the plate-type deaeration column is diagrammed in Figure 1-19.

Figure 1-19. Diagram of a deaeration column with tank. 1--supply of the basic
feedwater flow; 2--supply of condensate from the high~pressure
heater; 3--supply of evaporator condensate; &4--connection for vapor
discharge; 5--heating steam feed; 6--plates with holes; 7--deaerator
tank; 8--feedwater level in the tank.
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The water to be deareated is fad to the upper part of the column through pipes, and
it drains subsequently through the plates with holes (perforated panels). During
movement of the streams downward througl. the plates the water is heated to the
saturation temperature. The water released from the gases is collected in the de-
aerator tank located under théycolumn. The heating steam, rising upward through
the gaps between the plates altkrnately intersects the jets of falling water. The
uncondensed steam together with‘ﬁhe gases is discharged through the connection pipe
to the vapor cooler. '

The deaerator, which has a signifizggt reserve of seawater usually is placed on the
upper levels of the stack of electrical units (or, as it is called, the deaerator
stack) in order to increase the pressﬁfe at the input of the feed pumps.

Lifts are required to service the deaefhtors, the lifting capacity of which is de-
termined by the weight of the dry deaeration column.

The generally accepted arrangement of the\deaerators has two deficiencies:

A
in case of a possible loss of seal of the deaerator, the water can get into the
lower facilities where the electrical units jre located;
3\ .

\
the filled deaerator tanks located at the higﬁgr levels, transfer significant
static loads to the structural elements, which ‘contradicts the basic structural
principle of placing light equipment at the upper levels and heavy equipment at the
lower levels, The large volumes of shielding around the deaerators for nuclear
power plants with single-circuit boiling reactors cause additional loads on the
lower structural elements.

1-3. Characteristic Features of the Engineering. Equipment

The engineering cquipment includes auxiliary systems that provide normal conditions
for the service personnel and also required to abcomplish the basic production pro-
cess. This includes the service and drinking water supply, lighting, process and
general exchange ventilation, sewage and heating.

A distinguishing feature of a nuclear power plant Is radioactivity of the coolant
(and the working medium of the single-circuit nuclear:power plants) with the forma-
tion of liquid, solid and gaseous waste, losses of which in the production process
are unavoidable.

In order to remove the radioactive waste at a nuclear power plant, in addition to
the ordinary engineering equipment systems, special systems are built which are
specific to the nuclear plants--special process ventilation, special sewage and a
system for deactivation and burial of radioactive waste.

Special Ventilation

Whereas solid and liquid waste can be comparatively easily localized in closed con-

tainers (tanks, pipelines), air pollution with radioactive materials (gases or
aerosols) can be significant.
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Special ventilation at a nuclear power plant is designed for purifying the air and
creating safe and normal working conditions for the service personnel.

At the nuclear power plant, the radioactive waste can get into the air as a result
of leaks of radioactive coolant containing gaseous and aerosol fission products
(xenon, krypton, iodine, and so on) and also during operation of the auxiliary

- units (the "dirty" condensate tanks, the fuel element holding pools, and so on).
Another source of air pollution is the formation of gaseous radioactive isotopes
(above all, argon-41) and radioactive aerosols of complex isotopic composition on
irradiation by neutrons of elements entering into the composition of the air and
dust.

The usual method of controlling air pollution is purification of the air by filters
or dilution by pure air to permissible concentrationms.

However, since the entry of radioactive materials having high toxicity into the air
of the work spaces of nuclear power plants is significant, normal conditions in the
nuclear power plant facilities can be created primarily as a result of sealing the
equipment, placement of it in sealed boxes with remote control, zonal planning, and
with such measures ventilation can have only auxiliary significance.

As experience shows, the air of the work areas in nuclear power plants is basically
polluted in connection with loss of seal of the equipment and boxes when performing
preventive maintenance and repair operations. Taking this fact into account and
also beginning with the requirements of not allowing irradiation of the personnel
by external or internal sources of radiation above the permissible limit, at the

- nuclear power plant, just as at any nuclear installation, it is necessary to site
the equipment by the zonal principle (see Chapter 3) with all of the facilities be-
ing broken down into zones with strict and free conditions and, in turn, the fa-
cilities in the strict conditions zone are divided into unmanned, semimanned and
manned facilities. The requirements on the radioactive materials concentration in
the air of the zone where highly toxic unmanned equipment is located can be re-
duced. The maximum concentration level here will be determined by the condition of
not allowing activity to accumulate. It is necessary to ensure permissible concen-
trations of radioactive materials in such facilities only for the short time inter-
val required to service the equipment.

Accordingly, several ventilation systems are set up at the nuclear power plants,
each of which has defined purposes:

the constantly operating special process ventilation systems for maintaining given
concentration levels of radioactive materials during normal operation of the nu-

clear power plant;

periodically operating process ventilation systems which are switched on for pre-
ventive repairs or when recharging the reactor core;

special gas purification designed to remove radioactive and explosive gases with
the air directly from the points of their formation (blowdown of the reactor, the
dirty condensate tanks, and so on) and purification on special units.

41

FGR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400030020-2

FOR OFFICIAL USE ONLY

The normative materials [59] have established the maximum permissible intake of
radioactive materials by the organism of man and the mean annual concentrations of
radioactive materials in the air and water.around nuclear power plants. Therefore
the air from the ventilation system which is to a defined degree enriched by radio-
active isotopes must be diluted before it is released into the atmosphere. For
this purpose air from the ventilation system which has been previously purifiec by
the filters (if required) is directed to the exhaust vent pipe and ejected into the
upper layers of the atmosphere. The height of the vgnt pipe of a nuclear power
plant is determined from the condition of dilution of the stream of ejected air to
the permissible limit when it settles to the surface 6{ the ground.

The special ventilation must also provide for admissible temperatures in all of the
strict conditions areas (the dirty zone): no more than 50° C in the semimanned
areas and no more than 70° C in unmanned areas.

Special Features of Nuclear Power Plant Ventilation Systems and General Design
Principles. Two types of nuclear power plant ventilation are distinguished:

local exhaust ventilation designed to remove the air from the shelters over places
that release radioactive gases, vapor, aerosols and excess heat. The concentration
of the radioactive materials in the air removed by the local exhaust ventilation
can exceed that permitted by the sanitary norms by many times. Therefore, as a
rule, such air is subject to purification before ejection into the atmosphere;

the general exchange intake-exhaust ventilation which prevents the permissible con-
centrations of radioactive materials from being exceeded in the manned and semiman-
ned facilities by dilution of the polluted air with pure air.

The basic operating principle of the ventilation system of nuclear power plant
buildings is maintenance of increased pressure in the facilities with minimum pos-
sible pollution and sufficient rarefaction in the facilities with maximum possible
pollution, which is realized by the forced intake of pure air in the cleanest areas
and exhaust from the dirtiest areas. The transfer of air from one facility to an-
other must be organized so that when one or two fans fail, the air from the dirtier
facilities cannot get into the cleaner ones, For this purpose, check valves are
installed in the openings in the walls between the facilities (excess pressure
valves), which open under the effect of a pressure difference in adjacent facili-=
ties of no less than 50 Pa. The excess pressure valves (KID) are produced for open-
ings with a diameter Dy from 100 to 400 mm with 50-mm spacing.

The three-zone planning of the nuclear power plant facilities makes it possible to
use a staged ventilation system or a system for direct supply of air to the zones,

In the staged ventilation system the intake air is fed to the manned facilities,
and it is removed through the semimanned and unmanned facilities. The air from

the manned facilities goes to the semimanned facilities through excess pressure
valves installed in the wall between the zones as a result of the pressure differ-
ence; it goes from the semimanned to the unmanned facilities through analogous
valves. The manned facilities do not communicate with the unmanned facilities even
through filters.
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With the direct feed system the air is supplied individually to each facility and
removed from it. This system is used only on imposition of especially strict re-
quirements on the isolation of the manned facilities from the semimanned facilities
and when these facilities are separated by massive shielding walls. The air bal-
ance by zones in this case is as follows: the inflow to the manned facilities ex-
ceeds the exhaust (approximately twofold exchange per hour), and in the semimanned
facilities the exhaust is greater than the inflow.

The advantages of staged ventilation by comparison with direct supply of air to the
zones can include the following: :

a decrease in the total volume of ventilating air, for it is first used to ventilate
the manned facilities and then the semimanned and unmanned facilities;

a reduction in cost as a result of a smaller number of ventilation systems.

However, the staged ventilation must be used only with round-the-clock operation of
the system, for in shutdown periods it would be possible for the dirty air to leak
from the unmanned facilities into the manned facilities or from the unmanned into
the semimanned facilities through cracks or failed excess pressure valves which is
inadmissible.

The choice of output capacity of the units for general exchange ventilation of the
reactor rooms of nuclear power plants and also the machine rooms of the single-
circuit nuclear power plants must be made considering the necessity for recharging
the core and the performance of repair operations beginning with the following mul-
tiplicities of air exchange:

Multiplicity of Air
Volume of Facility, m3 Exchange, 1/hr

To 100 1
500
1,000
5,000
10,000 or more

= NWwWO;Oo

When recharging the fuel and when performing the repair operations in the rezctor
sections and also the machine rooms of the single-circuit nuclear power plants no
less than twofold air exchange per hour must be ensured, and for repair operations
in the steam generator and main circulating line areas of the two-circuit nuclear
power plants and also in the majority of unmanned areas of the single-circuit nu-
clear power plants three- to fivefold air exchange per hour must be provided.

All of the exhaust and intake systems of the dirty zone are equipped with reserve
ventilation units, and the exhaust ventilation systems which service the responsi-
ble users (the control panel, the SUZ cooling and other manned facilities of the
primary circuit) are connected to a reliable electric power supply network, and
they are equipped vith automatic starters after the power supply has been inter-
rupted.
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The local ventilation in the unmanned and semimanned facilities of the dirty zone
must provide for rarefaction with respect to the provisionally clean facilities
equal to no less than 30-50 Pa (3-5 mm of water). The calculated multiplicity of
the air exchange in the semimanned facilities is determined beginning with the na-
ture of the facility. However, the air flow rate must be such that the velocity of
the air in the opening will be no less than 0.2 m/sec.

Frequently in the unmanned facilities of nuclear power plants there is equipment
with large heat releases (the separator boxes of nuclear power plants with RBMK-
1000 reactors, the pipeline corridors, and so on). For such facilities it is inex-
pedient to provide cooling by a common ventilation system. In these cases it is
permissible to build a recirculating air-cooling system in which the air is cooled
by service water or water from refrigeration units. For the two-circuit nu-lear
power plant with water-cooled, water-moderated power reactors it is possible to com=
bine the recirculating cooling systems of the reactor pit and the steam generator
box.

In facilities with constant release of aerosols and radioactive gases in which it
is possible for people to be present (the envelope over the reactor, the steam gen-—
erator box of nuclear power plants with water-cooled, water-moderated power reac-
tors, and so on), a recirculating filter system is installed to purify the air.
This system must have redundant fans and filters. At the entrance to these facili-
ties, connections are installed for the individual protection means (air suits, air
helmets). The output capacity of the air supply system to the air suits must be no
less than 15 m3/hr per suit, and the pressure at the connection point, no less than
4.5 kPa (450 mm of water). The intake of air for the air suits can be from any in-
take ventilation chamber through an aerosol fabric filter.

In the process of performing the recharging and repair operations, additional air

flow rates are required. For these purposes repair ventilation is installed which
is switched on for the time that these operations are being performed. The hourly
capacity of this system must be no less than one volume of the largest of the man-

ned facilities.

In order to prevent the escape of radioactive gases and aerosols from the fuel
holding and recharging pools, an air curtain is designed over them. The removed
air is directed into the repair ventilation system. During the repair operations
the exhaust ventilation systems in the openings of the unmanned facilities must
create an air velocity of no less than 1 m/sec.

The air ducts of the local exhaust ventilation become polluted with radioactive
aerosols during operatiom, in connection with which it is necessary to provide bio-
logical shielding around them. Usually when trying to keep down the capital expen-
ditures, the exhaust ventilation ducts are built inside the massive concrete
shieldirn~ walls or in underground corridors.

When routing the air ducts it is necessary to consider that the intake ventilation
ducts cannot be laid through the unmanned facilities, and the local ventilation
ducts, in manned facilities.
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In addition to shielding it is necessary to provide for the possibility of deacti-
vating the local exhaust systems, For these purposes, special hatches are con-
structed in the air ducts and their shielding, and the air ducts are laid with a
slope in the direction of the drainage traps which are used to remove the deacti-
vating solutions or condensate which are used to wash out the air ducts and for
special air purification.

The presence of chemically active materials in the deactivating solutions and in
the air removed from various enclosures and also the presence of radioactive mate-
rials in it impose special requirements on the materials from which the air ducts
of the local exhaust ventilation are made,

The materials must not be subjected to the chemical effects of acids or bases; they
must have sufficient radiation resistance and low absorption capacity. These con-
ditions are set aside by expensive steel and aluminum. Recently the possibility
has appeared for the use of chemically stable polymer materials to line the air
ducts.

Filters. Depending on the requirements on the degree of removal of pollutants from
the air and also materials used for filtration, the filters can provide both fine
and rough purification.

Special fabrics based on polyvinyl chloride and acetylcellulose are used to con-
struct the fine purification filters.

For the rough purification filters, a fibrous packing of fiberglass or lavsan waste
is used.

The frame-type filters have become the most widespread. The filter fabric is
stretched on I-type wooden frames, and the filter with the required filtering area
is assembled from these frames by successive rotation of each of them by 180°, The
spent filters can be destroyed by burning with subsequent purification of the com-
bustion products.

Vent Pipes. As has already been stated, the dilution of radioactive discharge to
permissible concentrations at ground level is ensured by using vent pipes at the
= nuclear power plant.

The dispersion of the radioactive materials in the atmosphere depends on the wind
velocity and the height of the pipe. The velocities and prevailing directions of .
the winds can be determined from climatic reference data where the wind velocity is
presented at an altitude of 10 meters from ground level. At other altitudes the
wind velocity is determined by introducing a correction factor which varies within
the limits of 0.666 (for a height of 2 meters) to 1.8 (for a height of 200 meters).
The wind direction is determined from the "wind rose" on the points of which the
prevailing monthly, quarterly or annual wind direction is plotted.

When developing the master plan for a nuclear power plant it is necessary to con-
sider the prevailine wind direction so that the vent pipe and the "dirty" buildings
will be located downwind from the "clean" buildings at the electric power plant
site and the housing facilities.
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The calculation of the vent height for given discharge can be made by the procedure
discussed in [47]. When calculating the vent pipes it is possible to use the data
presented below on maximum permissible discharges, curies/day, at nuclear power
plants with a vent pipe 100 meters high:

Total strontium-90, strontium-99 10-3
Iodine-131 0.1
Total beta- and gamma-active isotopes, except strontium and iodine

isotopes 0.5
Total radioactive inert gases (krypton, xenon and argon isotopes) 3,500

The daily discharge of all groups of isotopes simultaneously is permissible, but it
must not exceed the values indicated in the table with respect to each group.

Special Gas Purification. During normal operation, the radioactive process gas
blowoffs are partially directed into the special ventilation system. However, dur-
ing recharging or when a significant number of fuel elements are unsealed, the gas
activity in the vent pipe discharge can increase sharply, primarily from iodine and
inert gases. In this case a special gas purification system is used to purify the
air.

The removal of inert gases from the air is possible by pumping them into gas hold-
ers and holding it there for several hours. During this time the radioactive decay
of the gases takes place with the formation of materials which can be trapped by
the aerosol filters. For large nuclear power plants holding the radioactive gases
in the gas holders is combined with adsorption of them on adsorber filters where
activated charcoal is used as the sorbent. The main process equipment of the spe-
cial gas purification system must have 100-percent redundancy.

The fans and filters of the intake and exhaust ventilation systems at nuclear power
plant buildings must be combined in centralized intake and exhaust ventilation cen-
ters, the location of which in separate buildings is possible. Imn the case where
they are placed in the nuclear power plant buildings it is necessary to be guided
by the following principles:

the chambers of the intake systems (the intake ventilation center) must be located
at the top levels of the building on the windward side;

entrance to the intake ventilation center must be provided from a clean zone;

the exhaust ventilation center must be located on the downwind side of the building
in the reactor section near the vent pipe.

The fans and filters of the exhaust systems of the unmanned facilities must be lo-
cated in a separate box with biological shielding. The drives and electric motors
of these fans must be located in manned facilities.

To allow for the possibility of installation, dismantling and repair, all of the
fans weighing more than 50 kg must be in range of the lift machinery. It is neces-
sary to provide openings over the filter storages.
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It is expedient to locate the gas holders of the special gas purification system
near the exhaust vent pipe.

Radioactive Waste

The operation of a nuclear power plant is accompanied by the formation of a signifi-
cant amount of radioactive solid and, primarily, liquid waste. Therefore when de-
signing nuclear power plants, in addition to the foul sewage and industrial waste
sewage, a system must be planned which provides for the collection, transportation
and burial of radioactive waste.

Liquid waste formed during operation of the nuclear power plant is considered to be
radiocactive if the radioactive materials content in it exceeds the mean annual per-

- missible concentrations established for drinking water and the water in open water
areas [59].

The solid waste of nuclear power plants (the materials of the core, the reactor,
dismantled equipment, and so on) are considered to be radioactive if the exposure
dosage of gamma radiation at a distance cf 10 cm from their surface exceeds 2.8
A - kgl (0.3 mR/hr).

Depending on the total specific activity, the liquid waste is divided into three
categories: slightly active to 10-4 curies/liter,* medium active from 10~Y% to

1 curie/liter and highly active, more than 1 curie/liter. The highly active waste
is not formed directly at the nuclear power plant.

Depending on the exposure dosage of the gamra radiation at a distance of 10 cm from

the surface, the solid waste is divided into slightly active from 0.28 « 107% to

280 + 107* A + kg~! (from 0.03 to 30 mR/hr), medium active from 280 - 10™* to

9.28 - 107* A + kg™! (from 30 to 1,000 mR/hr) and highly active, over 9.28 » 10~%
A kg"1 (>1,000 mR/hr). The radioactive waste formed during operation of the nu-

clear power plant is distinguished not only with respect to phase composition and

activity, but also with respect to radiochemical and chemical composition.

Liquid Radioactive Waste. The sources of the formation of liquid radioactive waste
at nuclear power plants are the blowdown systems of the reactor and auxiliary
equipment, purification systems for the organized leaks, special water purifica-
tion, deactivation, showers, special laundry, and so on.

The total volume of radioactive wastewater subject to localization at large modern
nuclear power plants does not exceed 500 m3/day with a specific activity of 10-5 to
1076 curies/liter. The one-time discharges can be 1,000 m3.

The planned radioactive leaks must be removed by the organized leak system to spe-
cial tanks. They are not mixed with other water, if necessary they are purified
and returned to the circuit. .

* The upper activity limit of slightly active waste at the present time has not
been determined and fluctuates in the USSR from 1075 to 10™% curies/liter. In the

- United States waste with an activity of several millicuries per liter is considered
to be slightly active waste.
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The water and solutions getting on the floor of the facilities in case of leaks
(unorganized leaks) or deactivation of equipment are collected by the gravity flow
sewage system in separate tanks.

In order to exclude water from one facility getting into another through the spe-
cial sewage system it is necessary to provide a system of hydraulic back-pressure
valves. The air from the tanks with an activity of more than 10~7 curies/liter is
sent to the special ventilation system.

The medium active waste (more than 10-5 curies/liter) is collected in stainless
steel or carbon steel tanks with reliable anticorrosion coating. The facilities
for installation of the tanks are equipped with carbon steel trays. The capacity
of the trays is determined from the leakage conditions of the largest tank in-
stalled in the facility.

All of the liquid waste is subjected to deactivation in the purification struc-
tures, and the purified water must be veturned to the production cycle. Purified
unbalanced water from the decontamination locks, decontamination stations, special
jaundries and laboratory sinks which by agreement with the Gossannadzor [State Sani-
tary Inspectorate] can be discharged into the industrial service or foul sewage sys—
tem after dosimetric monitoring in an intermediate tank, constitute an exception.

In connection with the different nature and degree of contamination of the circuit,’
trap, laundry and other water, separate special sewage systems are designed for
them.

Internal Special Sewage Networks. For the internal special sewage networks located
at points that are inaccessible for repair, stainless pipe is used. It is also
possible to use thick-wall carbon steel pipe to transport nonaggressive waste.
Traps made of stainless steel are installed in the unmanned facilities, and traps
made of steel or cast iron are installed in the decontamination stations and the
semimanned facilities.

The pipe diameters and the slopes of the gravity feed internal special sewage net-
work are taken in accordance with the effective norms for designing the internal
industrial sewage networks with complete emptying of the tubes.

When laying the internal special sewage networks it is necessary to strive to group
them and lay them in pipe corridors. The necessity for constructing biological
shielding for the special sewage networks is established by physical calculations.

Open laying of the special sewage lines for transporting slightly active waste in
the semimanned facilities with mandatory special painting of them is permitted.

On intersection of the shielding walls by the special sewage network, possibilities
of local radiation leaks must be excluded.

The drives for the special sewage cutoff valves are located in the semimanned or
manned facilities.
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The floors in the facilities where the traps are installed must be made with a
slope in their direction of no less than 0.01, and the top of the trap grating must
be 5-10 mm below the clean floor level.

The ventilation of the special sewage lines with an activity of less than 10~/
curies/liter is realized through ordinary standpipes. For higher activity the air
from the special sewage is sent to the special ventilation system.

If it is impossible to organize a gravity special sewage system, pumping transfer
stations are used. When pumping waste with an activity to 105 curies/liter, sub-
mersible pumps are used, and with an activity of more than 10~5 curies/liter, air
lifts or packless pumps are used.

Outside Special Sewage Networks. The purpose of the outside special sewage net-
works is to transport radioactive waste to the storage facilities or waste process-
ing points. The outside networks are divided by nature of operation into pressure
and gravity networks and also those operating constantly or periodically. In addi-
tion, they must be divided with respect to activity, aggressiveness, temperature
and mechanical contamination content.

By designation the special sewage waste is divided into process waste which is
stored, slightly contaminated waste which is purified and also slurries, acids and
bases, desorbing solutions, return water, condensate from the special ventilationm,
and so on [9].

The special sewage lines for the low-active liquid waste can be laid directly in
the ground above the groundwater level. In the case of activity of the waste of
10~% curies/liter and higher or when building a special sewage system for slightly
active waste in water-saturated ground the special sewage lines are laid in rein-
forced concrete conduits lined with stainless steel or with epoxy coating (Figure
1-20) to keep the liquid waste out of the soil in case the sewage line leaks.

In addition, this construction makes it possible to deactivate the inside surfaces
of the conduits.
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Figure 1-20. Conduits and pits of special networks with pipelines dy = 40-200.
a--section of the conduit with epoxy coating (for channels lined with
stainless steel by = b); b--plan view of the installation-welding pit
(height of the pit chamber is equal to the height of the channel).
For the dimensions see Table 1~6.
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Table 1-6. Dimensions of Reinforced Concrete Conduits and Pits for the Special
Sewage System (Figure 1-20)

Diameter of Cross Sectional
Special Sew Dimensions, mm
age Pipes ddfh.| h | H | b b | b | b

_ ProvisionalJ

"40—70 . | 100 | 200 | 300 | 200 | 216 | 600 | 600
" 100—125 100 | 250 | 350 | 200 | 216 [ 600 | 600

150 150 | 360 | 450 | 250 | 270 | 700 | 700
©200 . 150 | 300 | 450 | 300 { 320 | 800 | 800
>200 | 190 | 260 450 | 400 | 420 | 900 | 900 -

In the straight sections the conduits are made of prefabricated reinforced concrete
blocks 6, 4 and 2 meters long. For installation and welding of the pipelines it is
necessary to build installation-welding pits. The spacing between them must be 50-
100 meters. The dimensions of the conduits and the pits when laying one special
sewage line as a function of its diameter are presented in Table 1-6.

The special sewage networks must be laid with a slope in the direction of the col-
lection plant which is no less than 3 mm per meter of running length.

The lines are installed in the conduits on moving and stationary supports tack
welded to the fittings in the walls of the conduit. The stationary supports which
are used to restrict deformations of the pipes during thermal expansion are in-
stalled every 50-70 meters.

Inspection and emergency pits are installed along the length of the special sewage
route. The spacing between these pits must be no more than 100 meters for pipe up
to 500 mm in diameter and 200-250 meters for pipe more than 500 mm in diameter. In
the emergency pits dosimetric monitoring instruments are installed, the readings of
which are transmitted to the dosimetric monitoring station of the nuclear power
plant.

It is necessary to consider the following when routing the medium- and high-activ-
ity sewage networks:

the special sewage networks must be laid along "dirty" paths. The distance from
the domestic and drinking water lines must be no less than 3 meters in the case of
channel laying of the pipes and 5 meters in the case of channelless laying in
clayey soil and 10 meters for channelless laying in percolating soil;

on intersection with the special sewage lines the water lines must be laid above in
a shielded metal jacket (pipe in pipe);

the depth of the special sewage networks is determined by the heat engineering cal-
culations under conditions of observing the PDU at ground surface and in the pits.
The dosage at the surface of the ground or the cover of a pit must not exceed

1.03 « 10710 A . kg~! (0.4 uR/sec), and in a pit 7.22 - 1010 A « kg™l (2.8 uR/sec).
In all cases the thickness of the fill over the special sewage network must be no
less than 70 cm. The recommended depth of the special sewage is about 4 meters.
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The concentrated solutions are transported using packless (sealed) pumps or com-
pressed air.

In the case of concentrated solutions with high salt content, to avoid fouling of
the pipes with precipitating crystals it is necessary to install a final evaporator
for the solutions directly before they are fed to storage. This type of evaporator,
in particular, has been provided at the Leningrad Nuclear Power Plant.

Storage of Liquid and Solid Waste. For concentrated solutions and for slurries,
the following methods of storage and removal are permissible: temporary storage in
tanks, deep storage (burial), solidification by the methods of bituminization or
cementing with subsequent burial.

The tanks for storing liquid and solid waste are designed for no less than 5 years

of operation of the.nuclear power plants considering the possibility of expanding

the plant during operation. The waste storage pits at the power plant site are lo-

; cated considering the zonal planning of the master plan (see Chapter 2) necessarily

; within the limits of the secured zone of the enterprise or in a separate secure
zone in an area with low groundwater level. The permissible distance of the stor-
age pits from the water mains is no less than 50 meters and from open water areas,
5C0 meters. The lowest level of storage of liquid waste is 4 meters above the
highest groundwater level. The tanks must be located only underground.

For storage of concentrated solutions two types of storage pits are used. The
first type has the tank installed directly in the ground; the second type has the
tank installed in a special facility (the casemate-type tank). The casemate-type
tanks, as a rule, are used to store highly active liquid waste.

For the storage of slurries, both ordinary tanks and tanks with a drainage system
and a special system for pumping out the clarified solution after settling and con-
solidation of the suspensions are used. The clarified, drained filtrate is pumped
from the pit to the bottom of the reservoir, as a result of which the bottom is de-
signed with a slope in the direction of this pit. For pumping the remaining clari-
fied solution from different levels (as the consolidated suspensions accumulate),
intake lines are provided. Other structural features of the tanks and the remain-
ing storage pit construction depend on the level of activity und type of radiator
(alpha, beta, gamma). Thus, the tanks, equipment and service lines for liquid
waste with alpha-radiators without noticeable gamma-radiation do not require sne-
cial shielding, but they require reliable seal; for highly active waste with gamma-
radiators biological shielding is required. For removal of the released heat, ex-
plosive hydrogen and other gases from the tanks, special arrangements are provided.

The operating experience of tﬁe storage pits in the USSR indicate that the tempera-
ture of highly active liquid Waste contained in the tanks is, as a rule, close to
50° €. 1In order to maintain such a temperature in the highly active waste it is
necessary to remove excess heat. This is done by special cooling systems.

For liquid waste with an activity to 8 curies/liter the heat can be removed by pro-

cess ventilation, bl~wing with air over the surface of the solution in the tank.
The multiplicity of the air exchanged in this case is determined by the heat
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engineering calculations. For more highly active waste the heat is removed by
coils with water cooling.

The dilution of hydrogen to explosion-safe concentration and its removal are accom-
plished by special process ventilation. In order to avoid the formation of pockets
for the accumulation of explosive gases in the points of maximum rise of the sur-
face of the tank cover pipes are cut in to exhaust these gases.

The construction material for tanks, lining and other parts of the storage pit is
selected depending on the characteristics of the liquid waste medium (acid, neutral,
basic).

For acid solutions, the tanks, their lining, lines, and so on are made of corrosion-
resistant steels, the types of which are determined depending on the chemical compo-
sition of the acids and their concentration and also the temperature of the solu-
tion.

For neutral and alkaline solutions, low-carbon steel can be used. In Soviet prac-
tice the storage tanks made completely of carbon steel have not become widespread,
but in some of the constructed storage pits the tanks (with a capacity of 6,000 m3)
are lined with carbon steel. At a number of the electric power plants where the
waste is converted to the alkaline state for safety reasoms, corrosion-resistant
steel is still used to line the tanks.

Taking advantage of Soviet and foreign experience, it is necessary to more broadly
introduce low-carbon steel for building storage pits. For this purpose it is neces-
sary to improve the operating culture of the storage pits and also to take measures
to prevent the steel from corrosion. Such measures include primarily painting with
radiation- and acid-resistant paints and coatings based on epoxy resins.

In each individual case the choice of material for the tank or for lining it and
also the chemical protection of carbon steel are determined by the process engineer
beginning with the corrosiveness of the medium and the operating time.

In USSR practice the storage pits are designed considering the possibility of trans-
ferring the solutions from one tank to another by special vacuum pumps, the intake
capacity of which is no more than 7 meters for liquid waste density of 1 ton/m3 and
less than 7 meters for higher demsity. Accordingly, the height of the storage

tanks is limited. :

The volume of each group of tanks (for concentrated solutioms, slurries, spent res-
ins and sorbents) and the total capacity of the storage pits are determined by the
following arguments: the amount of waste of each type, the time in which filling
of the tanks is calculated, the proposed storage time of the waste (long~term or
temporarv storage considering transfer of the waste after reduction of activity to
cheaper tanks), the possibility of using viable components contained in the waste,
the half-life of the isotopes contained in the waste, physical and chemical changes
in the process of storing this waste, the required reserve (in established practice
one additional tank is provided as the reserve in case of emergency), and so on.
Some of the problems of optimizing the liquid radioactive waste storage pits are
discussed in [28].
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Figure 1-21. Storage pit for liquid radioactive waste with 2,400 m3 capacity.

As an example, the space planning of a standard liquid waste storage pit with ca-
pacity of 2,400 m3 is presented in Figure 1-21. It is necessary to set up inspec-
tion pits to monitor possible leaks around the storage pits of nuclear power plants.

One of the prospective methods of solidifying the liquid waste from nuclear power
plants must be considered to be the bituminization method. The bituminized blocks
with a specific activity to 1 curie/liter can be stored in concrete boxes without
waterproofing.

The solid waste is sorted before storage with respect to contamination level, and
it is placed in the burial pit consisting of individual boxes for storing waste of
different activity. Usually the waste is transported in special trucks or battery-

. operated vehicles equipped with shielding. The set of structures of the solid
waste storage pits includes the following: a facility for collection, temporary
storage and conversion of flammable and explosive radioactive waste material to a
harmless state, a facility for deactivation of the special motor transportation,
containers and equipment, storage for the rotating containers, a garage for the
special vehicles, tanks for burying the waste by contamination groups.

The burial of low-active solid waste is permitted in closed-~type trenches with low
groundwater levels in argillaceous soils. The trenches must be far from the water

intakes and open water areas.

The solid waste of medium activity is buried in concrete burial pits, and highly
active, in underground waterproofed tanks.
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For storing the combustible solid waste, separafe tanks are provided. Special
safety measures are taken to prevent spontaneous combustion of the waste, and spe-
cial ventilation is installed. The propagation of the radioactivity around the

solid waste storage pits is monitored by using inspection pits around the perimeter
of the storage pit 10-15 meters away.
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CHAPTER 2., CHOICE OF CONSTRUCTION SITES AND MASTER PLANS FOR NUCLEAR POWER PLANTS
2-1. Special Features of Nuclear Power Plants and Construction Site Requirements

With an increase in the number of nuclear power plants, the choice of the site for
their construction is becoming more and more complicated. The most optimal version
of the siting of a nuclear power plant which insures minimum expenditures when
building the plant and maximum convenience when operating it is selected on the
basis of analyzing all of the investigated versions of the sites. For this purpose
it is necessary to make a careful study of the local conditions and to know the
construction and operating characteristics of nuclear power plants thoroughly as a
function of their specific location.

When selecting the site for nuclear power plants it is ncessary clearly to represent

- an entire complex of structures forming the nuclear power plant, their functional
purpose and the possibilities of the arrangement of one structure relative to
another. When choosing the site for building a nuclear power plant problems of its
relationship to the outside world during construction and operation must be taken
into account.

Establishment of the necessity for building a nuclear power plant in a given re-
gion from the condition of an electric power shortage and the plan for the develop-
ment of the power system, determination of the possibility of building the nuclear
power plant beginning with insuring operating safety, satisfaction of the sanitary
norms, meeting the requirements for water to cool the turbourits, admissibility of

- using the planned construction site in connection with long range plans for building
other enterprises and environmental protection, finding the most economical version
of building the nuclear power plant based on analyzing the entire set of construc—
tion and operating problems -- these are the large-scale, complicated problems which
face the specialists in charge of choosing the site for the nuclear power plant.

Errors in selecting the construction site for a nuclear power plant can lead to cost
overruns of tens of millions of rubles.

The necessity for building a nuclear power plant, just as any new electric power
plant, is established as a function of the plans for development of the national
economy and an increase in the power users in the given area. A predicted shortage
of electric power in an investigated region determines the final power of the elec-
tric power plant and the introduction of the power, correspondingly, by years to
meet the electric power demand [34].
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When choosing the type of electric power plant, the peculiarities of nuclear power
plants are taken into account. From the point of view of siting, nuclear power
plants have greater mobility than thermal or hydroelectric power plants. They are
not rigidly tied to rivers with high emergy potential, such as hydroelectric power
plants, and they do not need a continuous supply of fuel in connection with the
fact that the fuel consumption is comparatively smaller than that of thermal elec~
tric power planmts. Thus, for the operation of a modern coal-fired electric power
plant of 1 million kilowatts it takes about 8000 tons of coal a day. For continuous
operation of such a plant for a year it is necessary to haul in about 60,000 50-ton
cars of coal. For the operation of a nuclear power plant of the same power the
annual uranium fuel requirement is only about 50 tonms.

In the power system the nuclear power plants function primarily in the base part of
the load chart. This arises from the peculiarities of the cost structure o. electric
power generated at a nuclear power plant.

Since at nuclear power plants the fuel component is a lower part of the cost of
electric power than at thermoelectric power plants operating on organic fuel, it is
naturally advantageous to insure maximum generation by the nuclear power plant.

The efficiency of the use of the installed capacity of -the power plant is character-
ized by the use coefficient which reflects the operating time of the electric power
plant with maximum possible power for the investigated time interval. The use co-
efficient Kuse depends on the quality of the equipment and operation of the power

plant and the loading of the nuclear power plant in the power system:

= (Q_../Q ) 100%, (2-1)

use act’ ‘poss
where Qact is the actually generated amount of electric power in the investigated
time interval (month, quarter, year); onss is the possible amount of electric power

which the plant could put into the system during operation for the entire investi-
gated time interval at 100% of the installed capacity.

One of the possible versions when estimating the possibility of building a nuclear
power plant is insurance of the safety of its operation for the surrounding popula-
tion which is regulated by the radiation safety standards. In the USSR radiation
safety norms are in effect [59] which reflect the recommendations of the Internatio-
nal Committee on Radiation Safety (ICRS) anZ the International Atomic Power Agency
(IAPA). According to these norms the maximum admissible releases of radioactive
materials into the atmosphere and open bodies of water are determined beginning with
the fact that irradiation of man caused by the operation of a nuclear power plant
must not differ significantly from the irradiation from the natural radioactive
background.

In connection with large-scale plans for the development of nuclear power engineer-—
ing, the growth of the number and total power of the nuclear power plants it is
necessary continuously to achieve a decrease in radioactive discharge into the en-
vironment during normal operation of the nuclear power plant and a reduction in the
probability of such discharges in case of emergency. This is necessary in order
that the total discharge from all nuclear power plants in operation considering the
probability of emergencies will not exceed the limit alloted to the nuclear power
plant in the overall irradiation of the population not leading to harmful
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consequences. It is necessary to limit irradiation of the entire population in every
possible way by decreasing the dosage obtained by individual people and as a result
of limiting the number of people subjected to irradiation.

One of the envirommental protection measures, including both territory and popula-
tion to  be protected against harmful effects of the operation of nuclear power
plants is the organization of a sanitary safety zone around it.

When choosing the construction site for a nuclear power plant consideration must be
given to the possibility of creating the sanitary safety zone defined by a circle
the center of which is the vent pipe of the nuclear power plant. At the present
time in the sanitary requirements the size of the sanitary zone has not been delimi-
ted [77]; it is established in each specific case by agreement with the agencies

of the government sanitary inspectorate as a function of the type and power of the
reactor, the calculated amount of radioactive discharge, climatic, meteorologic,
and topographic conditions in the vicinity of the nuclear power plant site, con-
sidering the proposed (ground level) concentrations of radioactive materials and
gamma radiation caused by the discharge. The annual dosage of irradiation of the
population living in the vicinity of a nuclear power plant must not exceed 0.17 rem
per year.

If the monitoring of the radiation situation during operation of the nuclear power
plant demonstrates that the actual discharge exceeds the calculated discharge, the
dimensions of the sanitary safety zone can be increased.

It is forbidden that the population live in the sanitary safety zone, but buildings
and structures for subsidiary purposes, fire houses, garages, warehouses (except for
produce), dining rooms for the service personnel of the nuclear power plant, and so
on are permitted to be located there. The territory of the sanitary safety zone

can be used for growing agricultural crops and pasturing livestock with the manda-
tory condition of dosimetric monitoring of the territory and the farm products
growing there by the external dosimetry service of the nuclear power plant.

Special attention must be given to investigation of wind conditions in the vicinity
of the construction site in order to locate the nuclear power plant downwind from
the populated areas.

Beginning with the possibility of emergency leakage of active fluids preference is
given to sites with deep ground water levels. The highest level of such wate¢r must
be no less than 1.5 meters below the floor level of the planned underground struc-
tures of the nuclear power plant in which the presence of radioactive fluids is
possible.

When selecting the site for building a nuclear power plant the service water supply
has great significance [22, 60]. A nuclear power plant is a large water user. The
water/consumption of the nuclear power plant is insignificant, and the use of water
is high, that is, basically the water is returned to the water supply source. An
enormous amount of water is required to condense the spent steam of the turbines.
In addition, service water is used to cool other equipment of the nuclear power
plant, to make up waler losses from the closed circuits, to provide for the drink-
ing water needs of the electric power plant personnel and the residents of the
settlement.
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The expenditures on the water supply of a powerful nuclear power plant are reckoned
in millions of rubles, and all possible versions of the service water supply of a
nuclear power plant must be carefully substantiated technically and economically
when selecting the site. When selecting the water supply system it is necessary

to make maximum use of natural water areas, strive to limit the construction of

new hydroengineering complexes, long canals and artificial hydroengineering struc-
tures.

Environmental protection requirements are imposed on nuclear power plants, just as
on all industrial structures in the construction phase. The use of a large amount
of water at nuclear power plants for service needs leads to the possibility of in-
creased water losses in the water supply sources by comparison with natural condi-
tions. In order to prevent inadmissible lowering of the water level in rivers and
reservoirs as a result of irrecoverable losses of water used in the operation of
nuclear power plants to evaporation and leakage into the ground, these losses are
limited as a function of the specific conditions of the siting of the power plant.
Beginning with these conditions an analysis must be made of the possibility of
building the power plant and defining its final power.

The standards regulate the conditions of intake and discharge of water at nuclear
power plants so as not to exceed the maximum permissible heating of the water in
open bodies of water having national economic significance. In order to protect
the plant and animal world, the water temperature in the bodies of water must not
rise by more than 3-5° C depending on the time of year. For observation of this
condition it is necessary that the water consumption in a river exceeds by no less
than threefold the flow rate of discharged cooling water during the calculated
period [67]. At this time a study is being made of the possibility of using heat

= discharged from nuclear power plants for thermal irrigation, the breeding of fish
and the creation of agroindustrial complexes based on electric power plants.

When choosing the site for construction of a nuclear power plant it is necessary
to be guided by the following requirements:

The ground set aside to build the nuclear power plant is unsuitable or has low
suitability for agricultural purposes;

The comstruction site is located on bodies of water and rivers, in coastal regions
which will not be inundated by flood waters (considering the lowest 1lift height of
the cooling water);

The soil of the site permits comstruction of buildings and structures without
additional expensive measures;

The ground water level is below the depth of occurrence of the basements of build-
ings and underground engineering service lines and no additional expenditures are
required on lowering the water when building the nuclear power plant;

The site has relatively level surface with a slope providing for surface runoff of
the water; the earthwork will be reduced to a minimum in this case.

In the case of a departure from these requirements when comparing the versions of
the proposed nuclear power plant construction sites a careful technical-economic
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analysis must be made that takes into account additional expenditures caused by
unfavorable conditions of the construction site.

The construction of nuclear power plants is not recommended in seismic zones in

the presence of flooded soft ground (unstable sandy loams, unstable clayey loams
and clays, ooze and peaty soils, backfill, and so on). If the necessity for build-
ing the nuclear power plant buildings and structures under these conditions is
substantiated, it is necessary to take additional measures to reinforce the foun-
dations or replace the soft ground. Sites within the boundaries of which or in

the direct proximity to which seismic fractures or faults have occurred should not
be used for building nuclear power plants [74].

As a rule, it is forbidden to build nuclear power plants:
In active karst zones;

In areas with serious (massive) avalanches and mud flows;
In areas with possible snow avalanches;

In swampy and superwet areas with constant inflow of rising ground water. The
extreme necessity for locating a nuclear power plant in such a region must be con-
firmed by a technical-economic analysis, and the additional expenditures for build-
ing and operating the nuclear power plant with elimination of the unfavorable con-
ditions must be defined;

In large-scale downwarp zones caused by mining;

L3

In the primary and secondary belts of the sanitary safety zones of kurorts [health
resorts] and water supply sources;

In sections contaminated with organic and radioactive waste before the expiration
of the times established by the USSR State Sanitary Inspectorate;

In areas of occurrence of minerals without agreement with the Gostortekhnadzor
agencies;

In a possible zone of flooding from rupture of dams located above the proposed elec-
tric power plant construction site;

In regions subject to the effect of disastrous phenomena such as tsunami, and so on.

The level of the nuclear power plant site must not be less than 0.5 meters above the
calculated high water level of bodies of water or rivers considering backwater and
slope of the stream and also the wave height and incursion. The highest water level
caculating the probability of repetition once in 10,000 years, that is, with a
calculated guarantee of 0.01%.

2-2, Engineering Surveys

In order to determine the possibility of building nuclear power plants in planned
areas and for comparison of the versions with respect to geological, topographic and
hydrometeorological conditions in the site selection phase, specific studies are
made with respect to investigated versions of siting the power plant [33, 60].
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The engineering-geological surveys are performed in two steps. In the first step
materials are gathered on previously performed surveys in the investigated region,
and the degree to which the proposed construction site has been studied is deter~
mined. In the second step, if necessary, special engineering-geological surveys are
made, boring holes and taking soil samples, and also geological reconnaissance
studies are made of the site. By the results of office processing of the gathered
data and additional studies, an engineering-geological description of the construc-—
tion area is obtained which defines the relief and the geomorphology of the terri-
tory, the stratigraphy, the thickness and lithologic composition of the basement
and Quaternary deposits in the region to a depth of 50-100 meters, the number, the
nature, and the level of occurrence and conditions of propagation of individual
aquifers within the boundaries of the overall depth (for the first aquifer from the
surface, it is mandatory to obtain the annual amplitude of the level fluctuations),
the nature and intensity of the physical-geological processes and phenomena (ava-
lanches, karst, erosion, marshiness, gully formation, and so on).

When performing the engineering-geological surveys in the site selection phase in-
formation is gathered on the presence of local building materials -- workable rock,
sand and gravel pits, quarries and deposits, and other sources of building materials.

In the same period possibilities are determined for using the groundwater for pro-
duction and general services-potable water.

The cartographic materials and the plan height of the geodetic base of the site are
obtained as a result of the topographic-geodetic surveys. In the first phase of
these surveys the available cartographic material en the proposed nuclear power
plant construction site are gathered and analyzed. The outlines of the site are
planned on the basis of this study, the profiles of the transverse cross section of
a river valley or water area are compiled, the plants at which the access routes
are adjacent to existing roads and railroads are noted, and -possible routes for
electric power transmission lines are defined.

For determination of the sanitary-safety zone data are gathered on the populated
areas and the construction in the vicinity of the proposed nuclear power plant with
application of the number of residents, the number of buildings and types of struc-
tures and also the areas of cultivated ground with indication of the type of crops
and forested areas. The distances to the nearest large population centers are de-
termined.

In estimating the overall situation in the vicinity of the comstruction site, 1:
100,000 and 1:50,000 scale maps are used; for more detailed analysis in the site
selection phase, maps are needed with a scale of no less than 1:25,000 or 1:10,000
with horizontals every 2-5 meters. In the absence of 1:25,000 scale maps and larger,
the site is surveyed and represented on a 1:25,000 scale with horizontal sections

of the relief altitude every 5 meters.

Wwher. selecting a nuclear power plant site, hydrologic surveys are made to evaluate
the water reserves, choose the water supply source and the part of the river suit-
able for water intake and for preliminary planning of the water supply system.

In the first phase of these operations all of the available published data, the
observation data of the stationary hydrometeorological network, the data on the
water management of the river and the operating conditions of existing hydroengin—
eering structures are gathered and analyzed. In the second phase of the operatioms,
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after analyzing the gathered data, a program of engineering-hydrologic investi-
gation is defined, as a result of which the missing data is obtained. From the
hydrologic surveys, a stream description is obtained which contains the following
data: water level characteristics (maximum, minimum, and so on) and information
about ice conditions, the water flow curve, the annual total, the norms, variabil-
ity, the water flows with different guarantees, seasonal (monthly) runoff distri-
bution in years that are characteristic with respect to water supply, minimum run-
off, maximum (calculated) flow rates of the water, chemical composition of the
water, pollution and other information about water quality.

The meteorological characteristics of the regions are established during the site
selection phase by the data from the existing meteorological stations and official
climatic references.

When selecting a nuclear power plant site, special attention must be given to de-
termining the seismicity and a careful study of seismic activity [39, 43, 44] of the
proposed region in which the nuclear power plant is to built and the microseismic-
ity of the plot directly set aside for siting the power plant. This is especially
important when selecting the building site for the nuclear power plants, for nuclear
power plants are still not being built in regions with seismicity of more than 9.

The requirements with respect .to seismic stability imposed on the structures and

equipment of nuclear power plants are much more rigid than for ordinary responsible
industrial structures.

The seismic activity of the region of construction of nuclear power plants is con-
sidered beginning with four on the Mercalli Cancani scale which was used as the
basis for the system of estimating earthquake activity in our country. The necess-
ity for conmsidering earthquakes beginning with four and not with six as SNiP require
for ordinary structures arises from the increased requirements on preserving the
equipment and the pipelines of the radiocactive circuit of the nuclear power plant
and systems insuring radiation safety of the plant.

When determining thecalculated seismicity of the nuclear power plant construction
site it is necessary to consider that the seismicity of the region presented on the
seismic regionalization maps is established for sections witl. medium soil conditions
—- sandy-clayey soils with low groundwater level.

For a specific building site it is necessary more precisely to define the seiswmicity
in accordance with the actual soil conditions by the engineering-geological and
hydrologic survey data. Gravelly, sandy and clayey (macroporous) soils saturated
water and also plastic and unstable argillaceous soils are unsuitable for construc-
tion under seismic conditions, and the calculated seismic rating must be increased
for them.

The nuclear power plant structures and equipment are designed for the maximum pos-
sible predictable seismic activity in the given region. In the practice of design-
ing nuclear power plant structures for seismic effects in Japan and the United
States the accelerations in the case of maximum possible earthquakes are taken twice
as large as for the maximum recorded earthquakes,thatis, for especially responsible
structures of the nuclear power plant the calculated accelerations are doubled as
compared to the calculated forces from the seismic effects for ordinary buildings in
the given region.
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In the USSR the possible seismicity of the region with a probability of once every

10,000 years is considered in calculating the seismic effects on the structures in

which the systems guaranteeing radiation safety of the nuclear power plant are lo-
. cated.

The importance of proper evaluation of the calculated forces from earthquakes
for all of the electric power plant elements without exception is explained by the
fact that the earthquake has a simultaneous effect on all systems and structures
guaranteeing the safety of the nuclear power plant, and in case of failure
of even one responsible link in this complex, expensive chain the safety of the
nuclear power plant can be violated.

2-3. Master Plan

When designing nuclear power plants, just as other large industrial complexes, con-
struction site plans, master plan diagrams and master plans for the industrial
site of the nuclear power plant are created.

In order to obtain the general idea of the power plant construction site, a site plan
is drawn up (Figure 2-1) usually on a 1:10,000 scale on which the location of the
industrial site, the construction base, the housing and other structures are indi-
cated. The connections of roads and railroads to the government main lines are de-
picted on the plan, and the boundaries of the sanitary zone are plotted.

In the early phases of the design work —- in the technical-economic substantiation
and when selecting the building site — a general master plan is put together show-
ing the layout of the nuclear power plant structures and their mutual coordination
on the building site, on which the main structures of the nuclear power plant and
their proposed locations are given without plan and altitude coordination. The
master plan diagrams are also made in later design phases, in the contract and de-
tailed design phase, as illustrative, demonstration material. Examples of master
plan diagrams are presented in Figures 2-2 to 2-6 for various projects.

The master plan developed in the contract design phase defines the specific place-
ment of the nuclear power plant building structures on the industrial site in plan
with indication of their dimensions also with respect to altitude. On the master
plan all of the electric power plant structures are tied to the structural net

- (Figure 2-7), that is, the coordinates are indicated for each of them. The struc-
tural net is a provisional orthogonal system of lines forming squares with spacing
of 100 meters as a rule. The structural net usually is indicated by the letter B
on the horizontal and the letter A on the vertical.

The master plan drawings are basically executed at 1:1000 scale. The following are
indicated on them:

The coordinate grid in the structureal coordinate system;

The topographic true basis in sections where there are no provisions for organizing
the relief by leveling;

Datum marks, prospecting pits, bore holes and reference symbols of the structural
net;
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Grading and water drainage elements (banks, retaining walls, steps, gutters, catch
basins, and so on);

The buildings and structures, including the service line structures (tunnels,
trestles, galleries), production and storage areas;

Roads and paved areas, passages through the planned territory;
Railroads, transformer tracks, crane tracks;

Open service water supply canals;

Electric power transmission line outlets;

Enclosure of the territory of the industrial site and the sites of individual struc-

tures.
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Figure 2-1. Example site plan of a nuclear power plant. 1 -- indus-
trial site; 2 -~ construction base; 3 -- open switch gear; 4 -- service
water supply pumping station; 5 —- housing; 6 -- railroad station;
7 —- access road; 8 -~ drainage canal.

Key: a. decontamination zone

When developing master plans it is necessary to consider the possibility of the

development of the nuclear power plant to its final power, for which areas are pro-
vided for subsequent expansion of the plant and, beginning with this condition, in-
dividual power plant structures are sited in plan. Usually the rules of not build-

ing auxiliary structures in the direction of possible expansion of the main facil-
1ty are adhere. to.
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Figure 2-2. Master plan diagram of the Tulnerfeld nuclear power plant
with BWR (Austria). 1 —-- reactor section and auxiliary installation
complex; 2 -- deactivation facility; 3 -~ distribution station; 4 —- machine

room; 5 -- emergency diesel engine building; 6 -— water intake structures;
7 -- service water pumping station; 8 -- spent fuel element holding pool;
9 -- water drainage structures; 10 -- water treatment structure; 11 -- vent

pipe; 12 -- workshop; 13 —- storage area; 14 -- security; 15 —— diningroom;
16 —- administrative building; 17 -- information building; 18 —- garages.

Key: a. Danube River

When developing the master plan the proper choice of the routine for roads and rail-
roads within the industrial site and efficient joining of them to the public right-
aways has great significance. It is necessary that each building have convenient
accesses and approaches and at the same time that the areas occupied by the roads
and railroads be minimized. The railroad routes must be especially carefully de-
veloped, for the standards of the Ministry of Railways with respect to permissible
grades and turning radii lead to great complications when laying out the master
plans.

The master plans must be developed in accordance with the requirements of the con~
struction norms and rules, the sanitary norms with respect to designing nuclear
power plants and the norms for the engineering design of thermoelectric power
plants.
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Figure 2-3. Master plan diagram of the Surrey nuclear power plant
' with water-cooled, water-moderated power reactors (United States).
1 -- reactor envelope; 2 —- administration building; 3 —- machine
room; 4 -- fresh air intake; 5 —- transformer for general plant in-
house needs; 6 -~ water storage tanks; 7 -- fire pumping stations;
i 8 — water intake structures; 9 -- reserve transformers; 10 -- control
panels; 11 -- work shop; 12 —- storage area; 13 -- laboratories, decon-
! tamination station; 14 -- tanks; 15 -- fresh fuel storage; 16 -— special
: purification building; 17 — fuel oil storage tanks; 18 -- primary water
storage tanks; 19 -- drainage canal; 20 -- automobile parking; 21 --
drainage; 22 -- condensate tank; 23 —- sewage settling tank; 24 —
temporary substation; 25 -- auxiliary building.

Comprehensive reduction of the ground condemned for construction of the nuclear
power plant is the primary goal in the design work. The analysis of the condemned
area of existing nuclear power plants and those under construction indicates that
the greatest proportion goes to the cooling ponds (if a water supply of this type
is used), and then for housing, the construction-installation base and, finally,
the industrial site of the nuclear power plant.

The best indexes on the master plan are achieved when designing the nuclear power

plant directly for total power with compact arrangement of the structures in the
relief, maximum blocking of the buildings and structures of the nuclear power plant
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and reduction of auxiliary structures by using outside services, centralized
supply with the required components for operation and maintenance: oxygen, acety-
lene, and so on.

The volume of earthwork performed when grading the industrial site for the nuclear
power plant and organizing access routes must be minimized. If the slope of the
natural . relief of the construction site exceeds 0.03, usually terracing of the
power plant site is used. This type of grading is also recommended when locating
nuclear power plants on rocky ground in order to reduce the expensive operations of
moving rock. Economicalness of terracing is estimated with respect to the overall

- complex of operations of building the power plant considering, if necessary, pos—
sible changes in the expenses of operating and maintaining it.

The location of the construction base is indicated on the site plan for the nuclear
power plant construction zone. A construction master plan is developed as part of
the contract design on which the locations of the assembly areas, the production-
auxiliary and administrative and general services buildings of the construction
base, communications and service lines, and so on are indicated.

The set of temporary structures which must be built is determined considering the

possibility of using permanent auxiliary service buildings of the nuclear power
plant during the construction period.

The nuclear power plant complex includes the basic production building structures
and subsidiary production and auxiliary building structures.

The basic production buildings and structures include the following:
The reactor section in which the reactor and its service systems are located;

The machine room in which the turbogenerator, the high and low pressure heater sys-
tems, deaerators, and so on are located;

Electrical year high-rise annexes with control panels, cable distribution installa-
tions, and so on;j;

The special service building which includes the systems for special cleaning of the
radioactive circuit and the liquid and solid radioactive waste storages;

The diesel generator plant where the reliable power plants -- diesel generators —-—
are installed;

Hydroengiiieering structures supplying the nuclear power plant with water: pumping
- stations, cooling towers, canals, and so on.

The subsidiary production and auxiliary building structures include the following:

The sanitation and general services building in which the sanitation and general
services are located with a special laundry;

Acetylene-generator plant;

Electrolysis;
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Figure 2-6. Master plan diagram of a nuclear power plant. 1 -- main facility; 2 —
vent pipe; 3 —- open transformer installation; 4 -- administrative and general ser-
vices building and dining room; 5 -~ transformer inspection tower; 6 —— oil station;
7 -- service water supply pumping station; 8 -- supply channel; 9 —- delivery basin;
10 —- water intake structures; 11 -— discharge channel; 12 -~ combined auxiliary
facility; 13 -- diesel generator plant; 14 -- compressor station; 15 —— nitrogen-
oxygen station; 16 -- liquid waste storage; 17 -- wastewater tank; 18 —— solid waste
storage; 19 -- gas folding chambers (UPAK); 20 -- discharge water treatment facility;
21 -- garage and washing of transport systems; 22 -- chemical reagents storage;
23 -- hydrogen receivers; 24 -- fresh fuel storage; 25 —- acetylene generator plant;
26 -- diesel fuel storage; 27 —- graphite storage; 28 -- open area with gantry
cranes.

Key: a. phase II site
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Nitrogen—oxygen station;
Material storage, and so on;

Administrative services.
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Figure 2-7. Example of gridding the structures on the master plan.
1 -- combined auxiliary facility; 2 -- materials storage (shed);
- 3 -- approach route.

The nuclear power plant structures must be located beginning with the process engi-
neering relation of the auxiliary services to the basic production, placing the
services as close as possible, observation of sanitation, fire safety and other
norms at the same time which establish the minimum allowable distances between the

various production buildings.

In order to reduce the covered area and the length of the service lines, maximum
blocking of the building structures by functional purpose is uszed.

An example of the itemized list of some of the structures of nuclear power plants
with the VVER-440 water-cooled, water-moderated power reactors is presented in
Table 2-1. . The itemized list of hydroengineering structures is not included.

The layout of the hydroengineering structures is determined by the selected service
water supply system. The carrying capacity of the service water supply structures
usually is adopted for the total power of the plant considering its possible expan-

sion.
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i Table 2-1. Descriptions of some of the structures of nuclear power
L plants with two VVER-44Q reactors

; Structures Covgred area, Building
' m space, m
: Main facility: 19,440 627,310
machine room: 9,700 323,865
above ground section 288,500
a underground section 35,465
electrical equipment stacks: 3,150 86,470
above ground section : 75,930
underground section 10,540
reactor divisign: 4,950 184,395
above ground section 174,755
underground section . 9,640
ventilation center: 1,640 32,580
above ground section 28,400
- underground section 4,180
Special service building: 3,780 42,280
above ground section 36,610
underground. section 5,670
Vent pipe
Trestles between the ventilation center, 54 meters
auxiliary facility and vent pipe long
Sanitation-general services and laboratory|] 1,385 27,895
facility and crosswalk
above ground section 26,200
underground section 1,695
Nitrogen station 240 1,800
Diesel generator piant 570 6,750
Outdoor transformer installation 980
Underground tunnels and corridors
Desalinated water tanks, boron solution
and condensate reserve

As an example it is possible to consider the service water supply of the Novovoro-
nezh Nuclear Power Plant at which various water cooling systems were used. It must
be noted that the Novovoronezh nuclear power plant was a type of test area for in-
dustrial testing of pilot power units with water-cooled, water-moderated power
reactors. Three power plants with different main facilities were in practice built
at the Novovoronezh power plant site.

In the first two power units with atotal power of 560 megawatts in which eight K-70-
29 turbounits were installed, the through-flow water supply system is used. Pumps
installed in the pumping station on the banks of the Don River pumped the water
from the Don to the turbine condensers through the pressurized circulating water
lines. From the turbine condensers the warm water flows by gravity through a
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reinforced concrete discharge channel that is enclosed in the power plant area, and
the water is discharged downstream,

In the third and fourth power units with two VVER-440 reactors and four K-220-44
turbounits, the circulating water supply system with cooling towers is used. Seven
cooling towers have been installed for the two power units.

The water that is cooled in the cooling towers is directed through an open canal to
the circulating pumping station from which it is delivered to the turbine conden-
sers. The warm water from the turbine condensers is lifted to the cooliag towers.
Flowing down through the louvered slate trickles, the warm water is ~ooled and

flows by gravity through an open canal to the circulating pumping station. A closed
circulating cooling system circuit is obtained: cooling towers, camal, circulating
pumps, turbine condensers, cooling towers.

As a result of the enormous flow rates of the water required to cool the turbines,
the dimensions of all of the structures of the service water supply system are sig-
nificant: the hyperbolic cooling towers are 90 meters high and 90 meters in diame-
ter at the bottom; the supply channel is 5 meters deep and 30 meters wide at the
top; for the pressurized circulating water lines, metal pipe up to 3 meters in
diameter is used.

For the fifth power unit of the 1000 kilowatt Novovoronezh nuclear power plant with
three K-1000-60 turbounits, a circulating service water supply system with cooling
pond was adopted. The cooling pond was organized by building earthen dams in the
floodplain of the Don. In order not to allow the warm water from the discharge
channel to enter the water intake of the pumping station directly, a separating
earthen dam was built in the reservoir which lengthens the path of the warm water
and insures that it is mixed with cold water, involving all of the reservoir water
in active cooling.
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1

4
CHAPTER 3. FLOOR SPACE DESIGNS OF NUCLEAR POWER PLANT BUILDINGS
3-1. Requirements on the Layouts of the Facilities

The goal when designing nuclear power plants is the creation of the most efficient
(optimal) design. For this purpose it is necessary to discover functional (process)
factors, determine their influence on the shaping of all the facilities and build-
ings of the nuclear power plants and also to formalize the design process for use
of computers and modern mathematical methods.

The basic requirements to which the nuclear power plant buildings must correspond
are as follows:

Convenience for performance of the basic technological process for which they are
designed (functional expediency of the building);

The reliability under environmental effects, strength and service life (technical
expediency of the building);

Aesthetics (architectural-artistic expediency);
" Economicalness, not at the expense of service life (economic expediency).

The layout of a nuclear power plant is created by a collective of designers of dif-
ferent specialties. The layout of the nuclear power plant is made up of the follow~-
ing processes:

1. 1In the design assignment, the type and power of the nuclear power plant is de-
fined, in accordance with which the basic equipment of the power plant is selected.

2. The overall dimensions of the basic equipment are determined by the plant
studies, and the cells for siting in plan and with respect to altitude are deter-
mined in accordance with the modular spacing for the structural component.

3. The layout of the structures at the nuclear power plant is planned, and approxi-
mate siting of them is done on the master plan.

4. The services tc be placed in each structure and communications between them
are determined, and the dimensions of the facilities for these services are approxi-
mately noted. This is the most responsible period, for the theoretical distribu-
tion of the building volumes determines the effectiveness of the layout. In this
period:
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The process engineers arrange the production equipment in accordance with the selec—
ted flow chart, and they plan the theoretical layouts of the reactor section, ma-
chine room and special water purificationm;

The electricians site the electrotechnical equipment, layout the cables and theore-
tically layout the stack of electrical devices and plan the locations of the cable
flows;

The specialists in monitoring and measuring instruments and process automation site
the monitoring and measuring instrument equipment and organize the panels in accord-
ance with the adopted principles of automation, process monitoring and control;

The specialists in heating and ventilation determine the overall dimensions of the
facilities and their location for ventilation equipment and air conditioners;

The specialists in physical calculations plan the wall thickness between the radio-
active circuit facilities which will provide shielding for the power plant personnel
from radioactive radiation;

The specialists in construction determine the design layouts of the structures and
the dimensions of the structural components and the "ingide dimensions" of the
facilities respectively;

The architects trace the ratio of the spaces of individual elements of the build-
ings and the building complex on the site, they determine the volumetric solution
for the nuclear power plant structure; they define the people flows in plan and
with respect to height in accordance with the division into zones and safety en-
gineering rules.

The space planning and structural design of the building are determined first of
all by the indurtrial process for which it is designed.

The form of the building depends on the form of the equipment and also the engineer-
ing requirements connected with the necessity or the possibility of access of

people to the individual units of equipment. The united modular system (YeMS),
standardization and unitization adopted in construction must be observed here.

The dimensions of the building depend on the space occupied by the equipment, the
space required for the service personnel and the space taken up by the biological
shielding; the weight of the shielding will have a significant influence on the
structural solution of the building as a whole.

Building Layout Principle. The buildings or blocks of buildings for a given pur-
pose are formed in accordance with the basic functional purpose of the main part of
the factlities. For example, the set of facilities that service the reactor of a
nuclear power plant is joined to the reactor section, the set of facilities that
service the turbines are joined to the machine room.

The main building of modern nuclear power plant is the main facility in which the
services that provide for generation of the electric power are concentrated.
Usually the main facility consists of the reactor room and machine room, a specia-
1ized facility and electrical gear high-rise annex.
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The equipment directly connected with the operation of the reactor, creating the
necessary conditions for normal operation: of it, and providing for safety in
emergency situations is installed in the reactor room. All of the equipment of the
primary circuit which operates with radioactive coolant and high pressure is placed
in the reactor room of the power engineering units with the water-—cooled, water-
moderated power reactors having a two-circuit system.

The turbogenerator consisting of the turbines, the generator, condensers with con-
densate pumps, high and low pressure recovered heat heaters, the steam heater-
separators and the high-speed regulators (BIU) for discharge of steam to the con-
densers and to the atmosphere, is placed in the machine room. If provision is
not made for a complete deaeration of the condensate in the turbine condenser,
deaerators are used in the secondary circuit which are installed either in the
machine room or in the electrical equipment annex. The electrotechnical devices,
the areas for the block panel, the safety and specialized water purification (SUZ
and SV0) control system panels, the intake ventilation center, cable hookup and
other services are placed in the same annex.

The machine room and the reactor room are connected by the main steam lines and
feed water lines (for the two-circuit systems). Cables to the equipment in the
reactor room and the machine room are laid from the instruments on the control
panels in the control panel areas. Cables and pulse tubing from the equipment and
the facilities of the radioactive circuit of the reactor room are laid to the dosi-
metry panel instruments [45, 53].

The Spetskorpus [special facility] can be designed either in the form of a separate
building or as an annex to the machine room and the reactor room. The primary

| circuit services which can be taken outside the sealed space are located in the
spetskorpus building. These incdlude the units for purifying the coolant of the
primary circuit, the workshops for repairing radioactive equipment, the storage
areas for storing the fresh and spent fuel, the radioactive waste storage and other
services connected with cleaning the radioactive circuit and storage of radioac-
tive waste.

When laying out the structures of a nuclear power plant it is necessary to insure
optimal conditions for installation, operation, maintenance and repair of the
equipment in accordance with the requirements of the norms and rules and also to
arrange this equipment and the communications among it in the minimum possible
spaces.

One of the most important technical-economic indices of the space designs of elec-
tric power plants is the specific bulk of the main facility determined by the vol-
ume of the main facility (m3) per kilowatt of installed power of the nuclear power
plant. The smaller the volume of the structures, the greater the efficiency of
the layout, the lower the capital expenditures when building the nuclear power
plants, the cheaper each kilowatt of installed power and the smaller the propor-
tion of the capital component in the cost of one kilowatt-hour of electric power
generated by the electric power plant.

Decreasing the volume of the facilities implies a reduction in the following:
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The consumption of materials and means for structural components, especially in
the reactor room where the volume of the massive reinforced concrete shielding .
walls, floors and ceilings is measured in tens of thousands of cubic meters of re~
inforced concrete;

The consumption of lining and finishing materials, including expensive coatings in
the radioactive circuit areas; .

The expenditures on ventilation of the facilities which is especially important for
the radioactive circuit areas where expensive filters are required to clean the
“ air and its cooling system;

The length of the communications between individual groups of equipment at the
nuclear power plants: the high and low pressure lines made of carbon and stainless
steel, the acutely short monitoring-measuring and power cables, the pulse tubes
made of stainless steel for the monitoring and measuring equipment.

The effort to reduce the volumes of the nuclear power plant facilities and increase
the efficiency of the layout has led to maximum blocking of the structures.

Whereas the first nuclear power plants were laid out by the principle of each
circuit in its own building, on the modern level a trend is clearly expressed
toward maximum closeness of all systems to each other and maximum blocking of the
main body of basic electric power plant services in one building. At the same
time, when laying out the main facilities an effort is made to create a modular
unit which can be repeated without alterations for nuclear power plants of differ-
ent power. For this purpose, the systems and services required for the operation
of one power unit are placed in one building, and the general plant systems which
depend on the number of power units serviced by them are put in independent build-
ings. This layout principle makes it possible to create a standard power unit in
which all equipment and communication systems between equipment are repeated with-
out alterationms.

The possibility of using the general plant systems not for one, but for two
or several power units, naturally lowers the capital expenditures per kilowatt of
installed power and the operating and maintenance expenditures on generating the
electric power. Therefore the version is optimal where the final power of the
nuclear power plant, the type and number of power units are defined from the very
beginning of construction of the plant. The layout solutions for the main faci-
lity in this case must provide for using general plant systems for the largest
number of power units.

The "startup complex" for which the required set of structures and services are
installed providing for the possibility of startup under normal operation of the
given puwer units before completion of the building of the entire power plant,
is determined for each power umit.

1f further expansion of the nuclear power plant is planned, this must be taken
into account when laying out the main facility, providing for the installation of
temporary ends and the possibility of communications between the power units under
construction and future ones.
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The layout of the nuclear power plant structures must correspond to the creation
of safe and convenient working conditions for the service persomnnel in accordance
with the requirements of the construction rorms and rules SNiP II~M.2-72, SNiP II-
A.5-70, SNiP II-A.4-62, the process designed norms [60], sanitary norms and rules
[76, 77], and rules for electrical installations [68].

Sanitary Requirements on the Layout of the Structures. The layout of nuclear power-
plant structures connected with the operation of the radioactive circuit equipment
must exclude the possibility of harmful effects of radioactivity on personnel that
service the nuclear power plant, the environment and the population living in the
vicinity of the electric power plant.

The nuclear power plant facilities must be laid out beginning with the differentia-
ted approach to the irradiation level. The norms NRB-69 [59] established three
categories of irradiated people: category A -- the personnel (professional
workers), people who work directly with the radiation sources or can be subjected
to irradiation by the nature of their work; category B -- individual people from
the population, the contingent living near the nuclear power plant; category C --
the population as a whole.

Among the personnel (category A), two groups are isolated: category A (3)

—— people whose working conditions are such that the irradiation dosescan exceed
0.3 of the annual MPD [maximum permissible dosagel]; category A (b) -- people whose
working conditions are such that the irradiation doses cannot exceed 0.3 of the
annual MPD.

In connection with what has been indicated, all of the nuclear power plant terri-
tory, facilities and spaces must be divided into three zones [59]: monitored,
- sanitary-protected and observed.

- The monitored zone includes the volumes, facilities and buildings or territory of
the enterprise, organizations, laboratories, storage where it is possible to obtain
; more than 0.3 of the annual aosage permissible for the personnel (category A).
In the monitored zone there is mandatory individual dosimetric monitoring.

The sanitary-protected zone is the territory around the entesprise in which it is
forbidden to locate housing, children's institutions and also industrial and
auxiliary installations not belonging to the enterprise for which the sanitary-
protected zone has been established. The radiation situation must be monitored
in the sanitary-protection zone.

The observed zone is the territory where the irradiation doses of the population
living there can exceed the established limits. The radiation situation is moni-
tored in the observed zone. The use of the land in this zone for agricultural
purposes 1is limited.

Beginning with the indicated requirements, all of the production facilities of the
nuclear power plant must be divided into two zones:

The monitored strict conditions ("dirty") zone in which the personnel working with

the equipment cf the radioactive circuit can come under the influence of radiation-
harmful factors such as external radioactive radiation, pollution of the air in
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the facilities with radioactive gases and aerosols, contamination of surfaces with
radioactive materials;

The unlimited free conditions ("clean") zone in which the effect of any radiation
factors on the personnel is completely excluded.

Direct access between these zones is mnot permitted and must be realized only
through a decontamination station. Complete change of clothes by the personnel is
required.

Inside the zones, the facilities are laid out beginning with the requirements of
the production process.

The strict conditions zone, in turn, must be broken down into three groups:

Unmanned faciiities which the presence of people is forbidden when the reactor is
in operation;

Semimanned facilities in which the periodic presence of people during operation
of the reactor is possible for a time in which the total irradiation dosage re-
ceived by the personnel will not exceed the permissible level [59];

Manned facilities where provision is made for the presence of personn~l ducing the
entire shift.

The repair and rebuilding of equipment in the unmanned facilities are accomplished
with the reactor shut down. Personnel are allowed to pass from the semimanned
facilities to the unmanned facilities (with the reactor not operating) through de-
contamination locks. When periodic visits to the unmanned facilities are required,
stationary decontamination locks are installed; for unplanned visits, portable de~
contamination locks can be used. ) ‘

When laying out the main facility, the operator and panel faci'lities (the modular
control panels, the dosimetric monitoring panels, and so on) where constant pre-
sence of personnel is required must be placed in the free conditions zone.

Requirements on the Siting of Production Equipment. All of the equipment and lines
in the main facility must be laid out so that when the reactor is not operating it
was possible to examine and test both welded joints and the basic material of the
equipment and lines, quickly replace and repair their basic subassemblies.

For the possibility of dismantling and installing the largest repairable pieces of
equipment or bringing in fuel containers, provision must be made in the reactor
room for a hatch located above the transport routes (road or railroad).

For installing large equipment that cannot be dismantled, a temporary installation
opening is provided in the structural components of the reactor room.

Requirements on the Systems for Localizing Reactor Room Equipment Emergencies. The
concentration of the equipment of the primary circuit in one space permits
efficient provision of a seal in the case of an emergency (even in the case of a
large scale emergency —— rupture of a pipe of maximum diameter), and it prevents
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discharge of radioactive materials outside the reactor room into the environment.

Complete localization of radiocactivity when there is a break in the seal of the
radioactive circuit is achieved by closing the high-speed fittings on the service
lines running through the walls of the sealed facilities. The high-speed fittings
are installed inside the sealed facility and must be protected from damage in

the case of a possible rupture of the primary circuit, for example, by a shielding
wall.

In order to perform the materials handling operacions during operation of the nu-
clear power plant the following are provided:

As a rule one bridge crane is installed in the reactor room, the capacity of which
is determined by the conditions of installation and dismantling of the heaviest
element (the reactor vessel or the separator housing, and so on). The crane is
controlled and guided remotely from portable and permanent, enclosed panels;

The auxiliary equipment located in the reactor room is laid out considering the
possibility of servicing it by the main reactor room crane (special installation
and repair areas are not provided in the reactor room);

The reactor room is equipped with freight and passenger elevators;

Bridge electric cranes (usually two) are installed in the machine room, the capa-
city of which is determined, as a rule, from the condition of 1ifting the generator
stator;

In the machine room provision is made for installation and repair areas, the equip-
ment for which is brought in by rail or motor transportation. In the machine room
it is necessary to have no less than two entrances which provide for transporting
equipment to the operating and expanded parts of the nuclear power plant;

Auxiliary equipment located in the machine room is laid out beginning with the pos-
sibility of servicing it by the main cranes in this room. In the case of placement
of the auxiliary equipment outside the range of the main cranes, the corresponding
lifting devices are used to service and repair it: overhead-track hoists, hoists

or winches. ’

Requirements on Structural Components. When laying out the structures of nuclear
power plants it is necessary to observe unitization and standardization of the
buildings and structures adopted in the SNiP II-M.2-72 for production enterprises.

For the possibility of using standardized elements of the coverings, floors and
ceilings, the dimensions of the bays of the nuclear power plant buildings must be
taken as multiples of three meters; the column spacing of the frames of the build-
ings must be 6 or 12 meters.

The height of single-story buildings to the bottom of the supporting structures of
the roofs and the heights of the floors of multistory production buildings at
nuclear power plants determined by the process requirements must be taken as
multiples of 0.6 meters. Deviation from this rule is permitted when laying out

the facilities and the structural elements of the underground part of the buildings
and structures.
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The inside dimensions of the facilities of the radioactive circuit must be multiples
of 100 mm.

The layout axes of the buildings and structures (tying of the walls to the layout axes

and also the height of individual parts of the buildings and structures) must be
designated in accordance with the SNiP II-A.4-62.

Requirements on the Layout of the Facilities in the Electrical Section. When lay-
ing out the main facility, the electrical section of the nuclear power plant (the
distribution circuits, control panels, storage batteries, cable halfstories, and
so on) must be designed considering the requirements of the Rules for Designing
Electrical Installations [68].

The facilities for the distribution stations located within the main building are
made without windows, with artificial lighting, and they must be reliably protec-
ted from moisture and dust.

When laying out the machine room it is necessary to provide for the possibility of
assembly and repair of transformers in it using bridge cranes. For this purpose,

an installation area must be provided in the machine room on which it is possible

to roll the transformers from the transformer area beyond row A during repairs.

The dimensions of the area assigned for the central control panel of the nuclear
power plant are taken beginning with the total power of the electric power plant.
This facility must have no less than two exits (with a floor space of more than
200 mz). The construction of one of the exits on the fire ladder landing is per-—
mitted.

The release of hydrogen and formation of explosive mixtures are possible in the
storage battery facilities; therefore it is necesary to provide for entry in these
facilities through a vestibule with two doors. The floors and ceilings of the
battery room must be strictly horizontal and smooth. When using large-panel deck-
ing, holes are made in its ribs for free passage of air to the exhaust units in
order to avoid accumulation of the explosive battery mixture in the facility.

Fire gafety Requirements. The layout of the nuclear power plant structures must
be designed considering the possibility of safe evacuation of personnel through
the evacuation exits in case of fire. 1In accordance with SNiP II-A.5-70 the
exits are considered to be evacuation exits if they lead from the first floor
areas directly outside or through a corridor, vestibule or stairwell; from the
areas on any floor except the first, to a corridor or passage leading to a
stairwell or directly to a stairwell having independent exit outside or through
a vestibule; from one facility to adjacent ones on the same floor are provided
with exits indicated in the preceding items.
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The width of the evacuation doors must be no less than 800 mm, the height of the
doors and passageways to the evacuation routes, no less than 2 meters. For the
evacuation corridors from basement floors this height can be decreased to 1.9 me-
ters, and for entrances to attics, to 1.5 meters. There must be no less than

two evacuation exits from buildings. The evacuation exits must be located
separately.

For facilities which are inside the building on any floor, it is permissible to
design one door leading to the evacuation exits if the production is in category D
and E- with respect to fire hazard, no more than 50 people work in the facility,
and the area of the facility does not exceed 600 m2.

From facilities with production in category E with a floor space of no more than
300 m2 and no more than 5 people working per shift (on any floor except the first)
one evacuation exit is permissible, which can be organized through the door to a
steel Stair with a slope of no more than 1:1 and width of no less than 700 mm. The
enclosing structures of the stalrs must be incombustible.

The fire safety measures must be taken into account when designing the cable lay-
outs of nuclear power plants. The cable corridors and shafts are separated from
other facilities by fire safety partitions. The tunnels and corridors are divided
into compartments by partitions with self-closing fireproof doors. The passage of
electric cables through the walls and the ceilings of cable half-stories, control
panel facilities, cable tunnels, corridors, and so on is realized in metal tubes
with reliable seal of the holes with easily packed incombustible material.

In the cable tunnels and halfstories provision is made for automatic firefighting
equipment -- foam extinguishers.

3-2. Nuclear Power Plants with Vessel Type Reactors

The layout and the space planning designs of the principal structure of a nuclear

: power plant with vessel type water-cooled, water-moderated power reactors can be
considered in the example of tne Novovoronezh nuclear power plant. This electric
power plant is the first high-power nuclear power plant in our country. It is being
built in phases. Three phases have already been built, and the power of the four-
power units has reached almost 1500 megawatts. The fifth power unit with a 1000
megawatt reactor is being built, and with its introduction the nuclear power plant
will become one of the most powerful (2.5 million kilowatts) nuclear power plants
in the world [84].

During the design and construction of the individual phases of the Novovoronezh
nuclear power plant, the layouts of the principal structure have changed. In the
example of the design and construction of the phases of the Novovoronezh nuclear
power plant it is possible to trace the trends and the development of the nuclear
power plants with water-cooled, water-moderated power reactors in our country and
the variation of their layouts, respectively.

lAll production facllities are divided into five categories with respect to fire
hazard: A, B, C, D and E. In categories A, B and C are production facilities

- connected with handling combustible substances and materials, and categories D and
E are incombustibles.
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First and Second Phases of the Novovoronezh Nuclear Power Plant

In the building of the principal structure of the nuclear power plant, the machine
room, the deaerator stock, the reactor room with exhaust ventilation center and the
spetskorpus [specialized facility] has been modularized. The layout of the prin-
cipal structure is analogous to the layout of the principal structures of thermal
electric power plants (Figures 3-1 and 3-2).

The flow chart of the first phase of the Novovoronezh nuclear power plant includes
the VVER-210 reactor, six circulating loops consisting of the steam generator, the
main circulating pump, the main circulating lines on which two main slide valves
are installed to disconnect any loop from the reactor in case of emergemcy. Six
steam generators produce dry saturated steam with a pressure of 33 MPa and moisture
to 0.5%, which goes through the main steam lines and three AK-70 turbo-units with
a unit power of 70 megawatts.

‘ *s.za

36000

Figure 3-1. Transverse section of the principal structure of the first

phase of the Novovoronezh nuclear power plant. 1 -- reactor pit; 2 —
fuel recharging basin; 3 -~ transport corridor; 4 -- spent fuel holding
basin; 5 —- bridge crane; 6 -— foundation under the turbo-unit; 7 --

electrical equipment facilities; 8 -- deaerator imstallation facilities.

Each loop of the primary circuit is placed in a separate rectangular box made of re-
inforced concerete providing biological shielding and taking an emergency pressure

of 0.3 MPa. There are six such boxes —— with respect to the number of main circu-

lating luops. This layout was adopted from the condition of repairing each loop

without shutting down the reactor.
The second phase of the nuclear power plant with a reactor of 365 megawatts and five

turbounits of 75 megawatts each has a more powerful reactor by comparison with the

first phase; the modular consolidation of the first module is represented by the
remaining parameters.
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Figure 3-2. Plan view of the principal structure of the first and second
phases of the Novovoronezh nuclear power plant. 1 -- reactor; 2 — steam
generator; 3 -- turbo-units; 4 -- electrical equipment stack; 5 -- spent
fuel holding basin; 6 —- special water purification.

Key: a. phase ...
Third Phase of the Novovoronezh Nuclear Power Plant

Two identical power units with VVER-440 reactors are installed in the principal
structure in the third phase of the Novovoronezh nuclear power plant (Figure 3-3).
The equipment of the primary circuit of each power unit includes the VVER-440 re-
actor and six circulating loops, each of which includes a steam generator, a main
circulating pump, circulating lines 550 mm in diameter and the main slide valves
(one for the hot and cold lines of the loop). In the secondary circuit with one
power unit two turbounits of 220 megawatts each are installed. The reactor room

is equipped with a crane set up common to the two power units; many of the auxiliary
systems and equipment are also designed for the two power units.

All six circulating loops are placed in one common box having a special facility,
the so-called deck, from which during operation of the power unit it is possible to
inspect and monitor the condition of the electric motors of the main circulating
pumps, the main slide valves and their auxiliary equipment. The electric motors ar~

placed on the deck and separated fromthe unmanned facility -- the steam generator
box.

By comparison with the first two phases, the third phase of the nuclear power plant
includes significant alterations.

The principal structure of the third phase combines the machine room and the reac-

tor room, the electrical equipment stack and the exhaust ventilation center in one
building. In plan view the principal structure is two rectangles joined by the long
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sides, symmetrically arranged with respect to the transverse axis (Figure 3-4).

When designing the layout of the main facility of the third phase (Figures 3-5, 3-
6) an effort was made to do away with the traditional space design of the main
facilities of the thermoelectric power plants. The electrical equipment annexes
made in the form of glassed buildings are adjacent on one level with the exhaust
ventilation center stack around the rectangular, dead space of the reactor room.
The Jifference in height of these spaces emphasized by the vertical pull rods on
outside faces of the reactor room walls, isolates its space as predominant, corre-
sponding to its functioal significance. This relation of the spaces is intensified
by the flat roofs of the stacks, the reactor room and the machine room.

The reactor room is made up of the following basic units. Around the reactor pit
the facilities are located where the equipment belonging to each power unit is
placed -— the recharging and spent fuel holding basins with cooling circuit, the
steam generator and main circulating pump boxes, the systems for makeup of the
primary circuit, compensation for blow down of the steam generators, the sensors
of the monitoring and measuring instruments and the intermediate cooling system cir-
cuits. With respect to height, this equipment occupies the space from the floor-
ceiling after the 10.5 meter level to the foundation plate. Between the two
power units (in plan view) the general station equipment is located consisting of
the units for purifying contaminated water, the local panel of the reactor room,
the repair workshops of the primary circuit, the transport railroad corridor, the
fresh fuel assembly, the column pipe service corridor, and the storage facilities
for the activated equipment and washing the large equipment.

The reactor is installed in a reinforced concrete shielding pit, in the upper

part of which annular cable service corridors have been provided. Around the reac-
tor in a single box 42 X 39 meters in size are six circulating loops of the power
unit. The electric motucs, the auxiliary circuits of the pumps and their equip-—
ment are in a sevparate facility above the main circulating loops.

The level of installation of the steam generator was determined from the condition
of creating natural circulation required to remove residual heat released during
shutdown cooling of the reactor.

The entrances to the pump and steam generator boxes were provided from the exhaust
ventilation center corridor, from the intermediate circuit facility of the main
circulating pumps through the vestibule of the valve chamber of the expansion tanks.

The trestles between the main facility and the spetskorpus [specialized facility] is
adjacent to the central part of the reactor room. The pipelines for hydraulic dis-
charge of the lon-exchange £{lters are routed in the "dirty" pipe service corridor;
the corridor is also used for transporting the dry waste raised from the spent filters
of the special ventilation units to storage. In addition, the communications be-
tween the primary facility and spetskorpus are maintained through an underground
through pipe tunnel. The facilities of the primary circuit where the equipment is
placed are laid out in a single sealed space, and they communicate with each other
through openings. These facilities are designed for emergency pressure of 0.2 MPa.

Two doors are installed at the entrance to the sealed facilities of the primary
circuit: shielding, located on the sealed facility side and designed for a pressure
of 0.2 MPa, and light sealed, designed for rarefaction to 5 Pa. The space between
these doors is connected to the exhaust ventilation.
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Figure 3-3. General view of the third phase of the Novovoronezh nuclear

power plant. 1 —-- reactor room; 2 -- machine room; 3 — electrical
equipment annex; 4 —- ventilation center; 5 -- auxiliary spetskorpus;
6 —- vent pipe; 7 -- sanitation and general services building; 8 --

administrative building; 9 -- service water supply pumping station.
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Figure 3-4. Layout of the areas of the main facility of the third

stage of the Novovoronezh nuclear power plant. 1 -- reactor room;
2 -- ventilation center; 3 -- transverse electrical equipment stack;
4 -- longitudinal electrical equipment stack; 5 -- machine room.

The entrance to the facility for servicing the main circulating pumps and the emer-
gency exit from it are realized throughsealed locks which have two doors each de-
signed for a pressure of 0.2 MPa each. The door openings are 900 mm and 600 mm
wide for the possibility of transporting equipment and passage of personnel, re-
specively. The height of the doors, as a rule, is 1600 mm, and in individual cases
where it is permissible by the operating conditions, 1200 mm. The sealed shielding
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Figure 3-5. Transverse section of the main facility of the third phase
of the Novovoronezh nuclear power plant. 1 -- reactor; 2 —- steam gene-
rator; 3 —- main circulating pump; 4 —- main circulating slide valve;
5 —— turbo-unit; 6 —-- deaerator; 7 -- fuel recharging pool; 8 —- intake
ventilation center; 9 -- pipe corridor; 10 -— panel facilities; 11 -

cable halfstory; 12 -- distribution station facility; 13 —- exhaust
ventilation center.
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Figure 3-6. Plan view of the main facility of the third phase of the
Novovoronezh nuclear power plant. 1 -— reactor; 2 —— steam generator
box; 3 —- facility for the modular control panel; 4 — exhaust ventilation
center; 5 -— transport corridor; 6 -- distribution station facilities;
7 —- turbounit.
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doors and also the factory-delivered hatches jointly with the fittings are subjected
to hydraulic testing at the factory,

Four 220 megawatt turbounits are located in the machine room. The machine room is
252 meters long: 42 spans of 6 meters each. The turbounits are installed two for
each power unit, one pair mitroring the other. This installation of the turbo-
unit was selected to reduce and simplify the basic steam line routes.

The service level of the turbounits is 9.6 meters; the deaerator tanks are installed

- at the same level and in row B. The width and length of the machine room is deter-
mined by the dimensions of the turbounit cellsiand their orientation in the longitu-
dinal or transverse direction.

The performed technical-economic comparison demonstrated that the versions of arran-
gement of the turbounits are in practice different. The version with longitudinal
arrangement of the turbounits is insignificantly more economical asaresult of de—
creasing the routes of the circulating waterlines and reducing the cost of the
crane as a result of smaller dimensions of it. The practice of building electric
power plants permits the conclusion to be drawn that with an increase in power of
the turbounits, their transverse arrangement is more efficient.

In the machine room of the third phase of the Novovoronezh nuclear power plant the
turbounits are installed in the longitudinal direction which naturally has led to a
decrease in the span of the machine room from 51 meters (with transverse arrangement
of the turbounits) to 39 meters with simultaneous increase in length.

The entrance to the machine room is realized through a transverse railroad track
laid through the reactor room between axes 22-23. In addition, for repair of the
transformers an entrance has been provided from the permanent end of the machine
room with coordination of the axis of the railroad track at a distance of 12.8 me-
ters to row A.

The erection sites in the machine room are located along the transverse railroad
track between the power units and at the permanent end.

The electrical equipment stacks have a span of 12 meters and are arranged as fol-
lows: 1longitudinal on axes 10-35 between the machine room and the reactor room, and
the transverse ones are adjacent to the ends of the reactor room.

The exhaust ventilation center with a span of 12 meters servicing the reactor room
is located along it between rows D and E. The floors of the ventilation center have
the following elevations: -1.8, +0.0, +2.7, +6.3, and +10.5 meters.

The fans of the recirculation systems in the concrete shielding, air coolers and
valves of the recirculation system installed in concrete niches covered by sealed

- hatch covers, aerosol and iodide filters, the intake plenums of the exhaust units,
the valves and gates (for the aerosol filters concrete shi :lded cells are provided)
and also the equipment and the collecting box for the removed air of the reactor
room are located in the ventilation center. Levels -1.8 meters aud +0.0 are ser-
viced by monorails.

The spent aerosol filters are transported in a shielded container which is moved to
the dry waste storage located in the spetskorpus by a battery-operated truck.
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The combined spetskorpus of the third phase of the'Novovoronezh nuclear power plant
is an independent building in which the special water purification systems and the
liquid and dry waste storage are located.

The special water purification (SVO) building is multistory with a basement; it is
78 meters long (13 spans of 6 meters each) and 18 meters wide.

Stairwells are placed at the ends of the building. The entrances to all facilities
are from corridors connecting the stairwells. Motor vehicle entrance is provided to
the corridor located at the 0.0 level on’ the principal facility side. Part of this
corridor is used to wash the motor vehicles to remove radio-active contamination.
The assembly room serviced by a ten-ton bridge crane is located at the 7.2 meter
level; the crane track is at the 18.0 meter level.

The service personnel get into the special water purification building from the
sanitation and general services building, going through the corridor at the 6.3
meter level in the exhaust ventilation center of the reactor room and then over the
trestle between the principal facility and the spetskorpus. Using the monorail with
a 5 ton electric hoist, the containers with solid radio-active waste are transported
on the same trestle from th. primary facility to the dry waste storage.

Thus, the special water purification building is included in the 'dirty" zone com-
plex to which access is prohibited except through the decontamination station.

- The liquid wasté storage, which has dimensions of 33 X 44 meters in plan view and
-3.6 and 0.0 meter levels, is adjacent to the special water purification building
and is connected to it by a pipe corridor and service corridor at the 0.0 meter
level.

Transport Communication and Evacuation Exits. The transverse railroad intersects the
machine room and the reactor room, that is, it runs through the "dirty" and 'clean"

zones; therefore the gates at the exit from the reactor room are closed during nor-

mal operation of the nuclear power plant.

The reactor room which is common to the two power units is serviced by two electric
bridge cranes of 250/30 and 30/5 ton capacity. The highest crane capacity is
selected from the condition of lifting the reactor vessel during installation of it.
The level of the track for this crane is 28.5 meters. It is designed to transport
heavy equipment and subassemblies and also for equipment installation. The crane is
remote controlled. For handling radioactive loads the crane is equipped with a re-

- mote guidance system by means of which, by assignment of the operator it can service
points for which the coordinates have been selected in advance with an accuracy of
+10 mm.

In the automatic operating mode the crane is controlled from the central panel lo-
cated at Liue 14.7 meter level of the reactor room through a special opening into
the reactor room. The control of the crane during operations not connec-

ted with coordinate guidance is from two auxiliary panels located directly at each
reactor at the 10.6 meter level.

The 30/5 ton crane of the reactor room is designed to transport loads weighing up to
30 tons. Its track is at the 22.5 meter level. The speed of transporting loads by
this crane is higher than by the 250 ton crane. The operation of the two cranes

\ provides all of the required load lifting and transporting operations in the reactor
room.
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The machine room is serviced by two electric bridge cranes of 125/20 tons each.
The crane track is at the 17.5 meter level. The load lifting capacity of the crane
is calculated from the condition of lifting the generator stator by the two cranes,
usihg a crossarm. '

The service personnel get into the strict conditions zone through a crosswalk from
the sanitation and general servicesand the laboratory building located on the per-
manent end of the reactor room. The bridge is two-story, the lower story is de-
signed for passage to the free-conditions zone, and the upper story, for passage to
the strict conditions zone.

The entrance and exit from the strict conditions facilities are realized through the
decontamination station located in the sanitation and general services building.

The dosimetric monitoring of the persomnel entering and leaving the area is realized
from the work areas of the duty dosimetric specialist located at the entrance to

the decontamination station.

If it is necessary to perform repair work in the facilities with increased radio
activity, a portable decontamination lock is installed at the doom of such a facility for

washing the film clothing and overalls of the service personnel.

In the facilities in the strict conditions zone four stairways are provided: two
basic three abreast with passenger elevators located in the exhaust ventilation cen-
ter with emergency exits to the street at the 0.0 meter level and two emergency two
abreast located in the reactor room and row C on both sides of the railroad track
with exit to the railroad corridor. The necessity for locating the stairs on two
sides arises from the fact that the :ransverse railroad entrance to the reactor room
breaks the service lines. The emergency exits from the stairs to the street and to
the railroad corridor from the strict conditions zone during normal operation of the
electric power plant are closed and sealed.

Two three-ton freight elevators and two 100 kg freight elevators are provided for
bringing equipment up in the reactor room.

The floors of the machine room and the longitudinal electrical equipment stacks at
levels -3.6 to +9.6 meters are joined by two stairways with 350-kg passenger ele-
vators. The exit to the street from these stairways is provided at level 0.0 meters.
The stairway located on the permanent end of the principal facility communicates
through a corridor with che '"clean" level of the crosswalk to the sanitation and
domestic services building. The levels of the longitudinal electrical equipment
annex at heights from 14.7 to 21.9 meters are serviced by their own two abreast
stairways with 350 kv passenger elevators.

Localization of Emergencies. For localization of an emergency with equipment in the
primary circuit a sealed space has been created in which a rise in pressure during
the emergency is possible. The basic sealed space is the main circulating pump and
steam generator box joined to the expansion tank facilities, the valve chambers,

the reactor pit, and so on.

The discharge of the steam-air mix during emergencies in the individual circuits
takes place to the pump and steam generator box. In case of an emergency in the
boxes, sprinklers begin to operate which condense the emergency steam and thus
lower the emergency pressure in the boxes.
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Fourth Phase (or Fifth Power Unit) of the Novovoronmezh nuclear power plant (Figure
3-7)

The fifth power unit is a new phase in the development of nuclear power plants with
water—-cooled, water-moderated power reactors in connection with a sharp increase in
the unit power of the basic equipment and with respect to the adopted design solu—

tions.

The primary circuit of the power unit includes a VVER-1000 reactor with a unit ther-
mal power of 3000 megawatts or 1000 megawatts electric power, respectively; four
main circulating loops, each of which consists of a steam generator with a capacity
of 1500 tons/hour of dry saturated steam at a pressure of 6.4 MPa, the main circula-
ting pump of the packing gland type with 19,000 m /hr output, the main circulating
lines 850 mm in diameter with the main shutoff valves installed on them (or.e on the
cold and one on the hot lines). The steam-water type expansion tank with electric
heaters is included in the part of the loop that cannot be cut off.

Figure 3-7. General view of the fifth power unit of the Novovoronezh
nuclear power plant. 1 -- reactor room; 2 —-- machine room; 3 -- elec-
trical equipment stack, 4 —-- spetskorpus; 5 -- vent pipe.

The secondary circuit consists of a number of systems, the basic ones of which are

- the following: two K-500-60/1500 turbounits, the system of steam lines and high-
pressure feed lines, the steam generator blowdown system, the drainage tanks of the
machine room and the desalinated water tank, the boiler unit, the low-pressure
steam lines and auxiliary secondary circuit systems.

The main facility of the fifth power unit (Figure 3-7) consists of three spaces con-
nected to each other: the reactor building, the special services building (spets-
korpus) and the machine room building (Figures 3-8, 3-9).

The reactor building is in the form of a protective envelope (Figure 3-10) of pre-
stressed reinforced concrete with inside metal lining. The envelope is in the form
of a vertical cylinder with an outside diameter of 48 meters and 76.4 meters high
with elliptic dome.

The envelope is designed to localize an emergency in case any of the lines break,
including instantaneous transverse rupture of the main circulating line. 1In the
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case of a maximum emergency, flying objects can occur —— metal fragments from the
equipment or the structural components which can destroy the lining and unseal the
envelope. In order to exclude this possibility, the part of the circuit where
flying objects can occur is shielded by reinforced concrete shields which usually
are used simultaneously as the inside walls.

In case of a maximum emergency the steam formed in the boxes can be released to the
upper part of the envelope and uniformly distributed throughout its entire volume,
which is achieved by organizing openings between the envelope facilities [17]. The
development of a maximum emergency takes place so quickly that the crossectional
area of the connecting openings is quite large (120-150 m2). The necessity for com-
munication of the reactor section facilities predetermined the layout of the enve-
lope in the form of a common space not having air tight partitions. This solution
offers the possibility of organizing the removal of excess heat, ventilation of the
envelope and purification of the air by a single recirculating ventilation system.
By radiation safety conditions all of the facilities included in the sealed part of.the
envelope are converted to unmanned facilities, and access to the envelope when the
reactors operate is forbidden.

The sealed part of the reactor section begins above the floor at 12:3 meter level.
The unsealed part is located below the 0.0 level.

The sealed part of the envelope is designed for a pressure of the radio-active
steam-air medium to 0.5 MPa.

All of the basic equipment of the primary circuit of the reactor is placed within
the limits of the sealed areas of the shell. The steam generator and main circula-
ting pump box are located in the central part (from the 22.8 meter level to the ceil-
ing at the 38.1 level); here, in addition to the equipment of the main circulating
loops there are also the recovery heat heat-—exchangers and aftercoolers for the
blowdown water of the primary circuit and the organized leak cooler. Around the box
are two tanks of the system for emergency cooling of the reactor zone (SAOZ). Two
more SAOZ tanks are located in the expansion tank area. The communications with the
railroad are through a special sealed hatchat the 0.0 level which for normal operation
of the power unit is closed by a removable sealed cover. The hatch opens if the
reactor is shut down for rechargingwith fuel, when it:is necessary toremove the spent
fuel held in the pool from the envelope or to deliver or remove equipment, materials
and radio-active waste from the envelope.

From the railroad corridor side the fuel holding pool is adjacent to the reactor
pit; on the diametrically opposite side is the expansion tank and bubbler area.

Around the steam generator and the main circulating pump box and the expansion tan'
area at the 20.3 meter level is the pipe service corridor.

The ceiling over the steam generator box and the expansion tank area is the floor of
the central room of the reactor section. The central room is serviced by a 400/80
ton circular bridge crane. The crane tracks are at the 54.95 meter level. Under
the steam generator and main circulating pump box at the 12.3 meter level are
the ventilation systems of the envelope. The transport corridor is located there
above the rail.oad corridor.
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Figure 3-9. Plan view of the.main facility of the fifth power unit of the Novovoro-.

nezh nuclear power plant. l--reactor;2--gteam generator; 3 -- fuel recharging pool;

4 -- shaft for insp~cting the top block of the reactor; 5 -- boric acid tank; 6 —-

electrical equipment annex, 7 —- turbounit; 8 -~ special water purification facility;
9 —— vent pipe.

Key: a.
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Figure 3-10. Reactor section of the fifth power unit of the Novovoronezh
nuclear power plant. 1 -- VVER-1000 reactor; 2 -— PGV-1000 steam genera-
tor; 3 -- main circulating pump; 4 -- main shutoff valve; 5 -- expansion
tank area; 6 -- bubble tank; 7 -- tank for emergency reserve of boron
solution; 8 -- recharging machine; 9 -— main steamlines; 10 -- ciccular
electric bridge crane; 11 -- centrifugal fan; 12 —- ventilation box;

13 -- ‘'spare SUZ rod; 14 -- cover over the concrete reactor pit; 15 --
hatch over the main shutoff valve; 16 -- service area; 17 -- main lock;
18 —— electrician's area; 19 -- reinforced concrete protective envelope.

oo B
Under the concrete reactor pit . are the fonization chamber drives.

The air from the facilities included in the reactor envelope is purified of iodine
and aerosols by special filters installed in the closed recirculating ventilation
systems in the facility at the 12.3 meter level.

All of the operations with :espeéf to‘z‘éraﬁs}pc")ﬁx‘:t;ing large loadsf@gigl{_é th.é:;’-:
section envelope are performed using the circular electric ‘bridge ct

In the machine room with a 51 meter span are two turbounits (Figure 3-9). “By.com-
parison with the longitudinal layout, transverse arrangement of them made it pos—
sible to decrease the length of the machine room, reduce the length of the basic
steamlines and alan the circulating lines. The length of the machine room which is
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cqual to 156 meters (13 spans of 12 meters each) was determined by the dimensions

of the turbounit cells of 60 meters each and also three additional bays for loca-
tion of auxiliary general-module equipment and the assembly areas. The turbounit ser—
vice level (5.6 meters) was determined by the location of the condensers: for the
K-500-60/1500 turbounits, in contrast to the traditional basement location, lateral
location of the condensers is used. On the permanent end of the machine room pro-
vision is made for a railroad entrance which is tied to row A at a distance of 8
meters to provide for the railroad clearance.

Two bridge cranes are installed in the machine room. The crane capacity of 120/20
tons was selected from the condition of transportation of the generator stator weigh-
230 tons and the low-pressure cylinder rotor of the turbine weighing 156 tons during
installation and repair.

The layout of the machine room was developed beginning with the condition of place-
ment of the heavy equipment in the service zome by the bridge cranes and also the
possibility of getting around each turbine and along the entire row A.

There are three assembly areas provided for dismantling the equipment during instal-
lation and repair —- two at the end of the machine room and one in the middle between
the turbines. The common area of the assembly sites is 1300 m2. It is determined
by the conditions of the necessity for repairing one turbine, simultaneous preven-
tive inspection of another and inspection of one transformer.

- The materials handling operations in the pipe corridor are realized using a five-
ton overhead single-track electric crane. In addition, on the permanent end there
is a one-ton freight-passenger elevator.

Along the length of row B is the electrical equipment stack with a 12 meter span
adjacent o the machine room. The electrotechnical devices (distribution of sta-
tions, inhouse transformers, and so on) are located in the spaces from the ~4.1 me~
ter level to the +9.8 meter level. The modular control panel is located at the 9.8
meter level, from which all of the basic and auxiliary systems of the power unit
are controlled (the reactor, the turbounit, diesel generators, operating and spare
transformers, pumps, and so on), and the panel for the safety and control rod sys--
tem (SUZ) is also located at this level.

The intake ventilation center is located at the 16.8 meter level. It provides for
ventilation of the electrical equipment stack. Basic steam lines from the <. cam
generators to the turbine and the feed water lines which énter the stack from the
sealed envelope of the reactor section at the 17.6 and 18.6 meter levels are run
at the 16.8 meter level.

The special service building is located on the temporary end of the machine room
and is directly adjacent to the electrical equipment stack. The special service
building is 60 meters wide and 84 meters long. With respect to width it is divided
into four spans of 15 meters each. The equipment of the special service building
is located at the -1.2, +7.5 and +12.5 meter levels.

The systems serviciug the sealed envelope (makeup pumps, intermediate circuit, the
circuit for shutdown cooling of the pool, the installation for purifying the cool-
ant of the primary circuit and the pool) and the workshops for repairing radio-
active equipment are concentrated in the special service building.
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The storage area for fresh and spent fuel and the equipment for purifying the trap
water, purification of the process blowers, ftuminization of liquid waste and
briquetting of soft waste are located in this building. The "dirty" tank setup for
the electric power plant is located at the -1.2 meter level. The exhaust ventila-
tion center is at the top levels.

The storage for solid and liquid waste which is also part of the specialized service
building is serviced by a five-ton traveling crane.

Evacuation System of the Main Facility. The main entrance to the main facility is
from the sanitation and general services building over a crosswalk. The reactor
section has two exits through sealed locks: one at the 16.4 meter level to a-
covered passage leading to the specialized service building, and the other at the
35.0 meter level to an open stairway located on the outside of the reactor section.
The areas for operative servicing of the reactor section are connected to each other
by metal stairs.

Two stairways are provided on the two ends of the elecirical equipment stack. The
stairway on the permanent end is equipped with a 1000 kg freight-passenger elevator.
The same stairways are used for access to the machine room.

Table 3~1. Indices of theconstruction phases of the Novovoronezh
nuclear power plant

Indices VVER- | VVER- | VVER- { VVER~
210 365 440 1000
Year of beginning construction 1957 | 1963 |1967 |1972
Electric power of the reactor,
megawatts 210 365 440 | 1000
Unit power of the turbounit,
megawatts 70 73 220 500
Number of turbounits in the power : _
unit, pieces 3 5 2 2
Number of loops in the primary
circuit, pieces 6 8 .6 4 .
Specific indices of ,the main facility:
cubic space, m /kilowatt 1.43 | 1.10 |0.83 | 0.56
volume of concrete, m3/kilowatt |0.29 | 0.17 [0.10 |0.09 -
construction metal consumption,
kg/kilowatt 11.0 | 9.0 6.0 16.0
- weight of equipment, kg/kilowatt |74.0 [ 50.0 ]40.0 |20.5

An analysis of the specific indices characterizing the floor space solutions with
respect to individual phases of the Novovoronezh nuclear power plant (Table 3-1)
indicates significant improvement of them. Thus, the specific -space of the'basic

- buildings of the third power unit of the Novovoronmezh nuclear power plant by com-

- parison with the same index of the first power unit decreased by 1.7 times, the
specific concrete consumption was cut by 2.9 times, and the consumption of construc-
tion metal, by 1.8 times. T

Further improvement of the nuclear power plants with water-cocled, water-modera-
ted power reactors will proceed along the path of increasing the unit powers of the
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basic equipment, improvement of the efficiency of the layouts as a result of de-
creasing the overall dimensions of the equipment and more efficient form of it.

Layout of the Main Facility by the Modular Principle

When laying out the main facility by the modular principle, all of the systems
providing for radiation and nuclear safety, emergency shutdown, shutdown cooling,
the removal of residual heat releases and the required post emergency measures are
provided for each power unit.

The general plant systems required to provide for operation of the power units
under normal operating conditions are isolated in individual structures of the
nuclear power plant laid out in accordance with theicfunctional attributes. Thus,
the general plant special water purification units are placed in a separately
standing specialized service building.

With this layout all of the equipment and systems of each power unit are placed in
an independent building of the main facility 240 meters long with an overall width
of 66 meters, including the following:

A machine room with electrical equipment stack annexed to Tow B, a deaerator stack
in which the modular panel with IVM and ventilation system are also located; the
reaactor section consisting of a sealed envelope 45 meters in diameter and 54 meters
high and the enclosing structure 66 X 66 meters in plan (Figure 3-11).

The reactor section of the VVER-1000 power unit consists of a sealed section —-
the envelope -- and an unsealed section —- the enclosing structure. The basic
equipment of the power unit with high-potential radioactive coolant (the reactor,
steam generators, main circulating pumps, expansion tanks, main circulating lines,
SAOZ tanks, and so on) are located in the sealed part of the reactor section.

The sealed part consists of two spaces -- top and bottom with air communications.
The top space is a cylinder with inside diameter of 45 meters with a dome-shaped
top. The bottom space of the sealed section is a cylinder with inside diameter
of 26 meters coaxial with the top cylinder and supported on the foundation plate
of the reactor section.

The unsealed part of the reactor section is square in plan view, 66 meters on a
side, encompassing the perimeter of the envelope. The modular process systems
which by nature of the production processes and degree of pollution with rad‘o-
active materials must be in the strict conditions zone placed in the unsealed part
of the reactor section. In crder to improve the reliability of the communications
of the indicated process systems with the systems under the envelope, under con-
ditions of seismic effects the surrounding structure and envelope of the reactor
section are supported on a single foundation plate. The location of the modular
systems in the enclosing structure of the reactor section also permits maximum
reduction of service lines and pipelines.

The delivery of materials to the surrounding structure and the envelope of the
reactor section is by the railroad access to the reactor section under the en-
velope or structurc cranes.

One 1000 kilowatt turbounit is installed in the machine room. The machine room
- stand is taken as 51 meters. The operative service level of the turbine is +15.0
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Figure 3-11. “Modular layout of a power unit with VVER-1000 reactor.

I -- machine room; II -—- electrical equipment stack; III -- deaerator
stack; IV -- reactor section; 1 -- reactor; 2 -- gteam generators;

3 -—— tank for the emergency zone cooling system (SA0Z); & —- deaerator;
5 —— turbounit; 6 —- high pressure heater; 7 —- module control panel.

Key: a. axis of the turbounit
b. roof level

meters, the turbine cell is 108 meters. A motor vehicle access is provided.in the
machine room along row A.

The railroad access (cross) is provided with clearance of 18,000 mm to axis 1,
which was determined beginning with the condition of installing the generator stator.

Considering the layout of the turbounit and the dismantling of the equipment for
repair, the length of the machine room is 156 meters. .

The deaerator stack with a 12 meter span is adjacent to the machine room on the end
facing tue reactor section. The ceiling level of the deaerator unit is 34.2 meters.
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CHAPTER 4, CONSTRUCTION DESIGNS OF NUCLEAR POWER PLANT BUILDINGS AND STRUCTURES
4-1. Structural Design of Nuclear Power Plant Buildings

A nuclear power plant has buildings and structures. for different purposes and,
correspondingly, of different structural execution. These include the multistory
and multibay building of the main facility with massive reinforced concrete struc-
tural elements which enclose the radioactive circuit; the separately standing
buildings of the auxiliary systems, for example, the chemical purification, diesel
generator, nitrogen plant, usually executed as prefabricated reinforced concrete
standard structures; underground channels and tunnels, both passable and impassable
for the cables and communications lines between systems; above-ground trestles
which join the main building and auxiliary buildings and structures and also the
buildings of the administrative sanitation and general services building (see
Chapter 3).

The most complicated and responsible building of a nuclear power plant is the main
building, which is a system of structures formed in the general case from frame
structural components (the machine room, the electrical equipment annex, the
spetskorpus [specialized facility]) and the massive reactor section structures.

The structural designs of the main buildings of nuclear power plants can be con—
sidered in the example of the Novovoronezh Nuclear Power Plant (see Figures 3-1 to
3-10).

Main Building of a Nuclear Power Plant with VVER-440 Reactor

The structural designs of the frame of the main building of a nuclear power plant
with VVER-440 reactor (see Figures 3-4 to 3-6) consist of columns which are
1500%600 mm in cross section in the machine room, 1200600 mm in the reactor room,
800x600 mm in the exhaust ventilation center and girders 1400x600 and 1000Xx600 mm
in cross section. The column joints to the foundations are "wet." The installa-
tion joints of the colum elements are "dry," finished off at the plant.

The stability of the building in the transverse direction is insured by the mono-
lithic mass of the reactor rcom and the electrical equipment stack with rigid
discs forming the floors and ceilings. The stability of the frame in the longitud-
inal direction is (. eated by installing reinforced concrete braces 1 between the
colums in each thermal unit and also vertical, metal cross couplings 2 (Fig 4-1).
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The distances between the thermal and thermal -settling expansion joints are
designated beginning with the conditions of the breakdown.of the building into
thermal units in accordance with the process requirements, and they must not exceed
the values recommended by SNiP. Thus, a machine room 252 meters long is broken down
into five thermal umits.

The ends of the machine room are designed in metal, and the wind loads are taken by
a wind truss installed at the service level (9.6 meters), and in the top section,
by cross couplings with respect to the bottom chord of the ceiling trusses.

The ends of the reactor room are designed in prefabricated reinforced concrete; the
frame of the transverse electrical equipment stacks is adjacent to them. Th~ wind
loads at the end of the reactor room which is erected over the end stacks are taken
by horizontal couplings along the bottom chord of the ceiling trusses of the reactor
room.

The machine room and the reactor room are covered with metal trusses, with length
corresponding to the spans, with hinged support on the top chord. The machine room
truss is made with a light and ventilation window (see Figure 4-2),

The roof of the machine room and the reactor room is made from prestressed reinforced
concrete slabs on metal trusses; in the electrical device stack and the exhaust: .
ventilation center it is made of reinforced concrete slabs on prefabricated rein—
forced concrete collar beams. The between floors of the electrical device stacks

are assembled from prefabricated reinforced concrete slabs on prefabricated rein-
forced concrete collar beams. . ‘

In the machine room the floor or ceiling at the 0.0 level (see Figure 3-5) is made
of prefabricated reinforced concrete ribbed slabs 3x3 meters, and at locatioms it;
the installation sreas which take heavy loads, from solid reinforced concrete slabs
supported on prefabricated reinforced concrete columns 400%400 mm in cross section
made into foundations of the sleeve type. The entrance to the machine room is .
along a railroad track installed on the prefabricated reinforced concrete trestle
designed for the weight of the transformer. The stability of the trestle in the’
longitudinal and transverse directions is designed using vertical metal of crosg,
braces.

The basement retaining walls are made of prefabricated reinforced concrete, block§

- and prefabricated reinforced concrete foundation slabs. Under the entire basement
there is a solid monolithic reinforced concrete slab on which a load of local = -
sandy ground is packed to the concrete floor.

The foundations under the total units are designed in monolithic and prefabricétéd

monolithic reinforced concrete, and under the auxiliary equipment, in monolithic.

and prefabricated reinforced concrete. ;
‘ : o ’ i ihi .

The outside walls of the main buildings made of reinforced concrete panela are

250 mm thick. :
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Figure 4-1. Diagram of lengitudinal vertical couplings in the frame of the
main building along row A.
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Figure 4-2. Roof of the machine room. a--plan with respect to the lower
webs of the trusses. b--longitudinal section. c--transverse sector

For the supporting frame of the power units without VVER-440, the application of
steel structural elements is limited to the trusses of the reactor room and the
machine room, the tracks under the crane made of 14G2 steel and other small elements.
The framings of the ends of the machine room, vertical and horizontal ties of the
framing, the supporting metal structures, the service areas and other small elements
are made of VSt3kp steel for welded structural elements. The corners

of the electrical gear stacks are made of 14G2 and VSt3kp steel for welded
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structural elements in order to decrease the height of the ceilings on adjoining
the collar beams on the same lewl.

The massive monolithic reinforced concrete structures of the reactor room which are
built from the foundation to the 10.5-11.8 mark are a reliable foundation for the
prefabricated, reinforced concrete framing (see Figure 3-5).

The wall and ceiling thicknesses of the reactor room are determined by the condi-
tions of the biological shielding. The walls have complex configuration and a
large number of built-in production parts, and they are designed in the prefabri-
cated monolithic and monolithic reinforced concrete execution with reinforcing made
of large packages of trusses.

The ceilings over the boxes of the steam generators and the main circulating pumps
are designed from monolithic reinforced concrete with rigid reinforcing frames
and truss packets.

The reactor room is made by the dropped pit method; therefore the structure of the
base soil is not disturbed, and additional expenditures on its consolidation under
the foundation slab are excluded. The wall of the dropped pit is covered on the
outside with plaster asphalt hydroinsulation made of hot asphalt mastic protected
by a layer of gunnite from mechanical effects when the pit is lowered.

The floors in the "dirty" facilities are made by pouring concrete on the structural
elements. The slope of the floors in the direction of the collecting troughs is
taken as 0.02 from the condition of drainage of the deactivating solutions. The
troughs have slopes of 0.005 in the direction of the speclal sewage traps.

The special sewage lines are built in the body of the concrete slab with slopes of
0.01 from the drainage condition. The floors and the channels are covered with
special anticorrosion covers.

All of the concrete or reinforced concrete and metal structural elements of the
radioactive circuit, including the lining made of carbon steel are covered with
special anticorrosion coatings.

All of the concrete, reinforced concrete and metal structures of the radioactive
circuit, including the carbon steel lining, are coated with special enamels and
paints depending on the radiation situation in the facilities and the requirements
with respect to deactivation.

In order to provide for the service 1ife of the structures, a number of measures
are taken to protect the structural components of the "clean" facilities from
corrosion.

The built-in metal parts in the reinforced concrete for attaching the panels.are .
galvanized, and the remaining built-in parts dre coated with anticorrosion grease.
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In the presence of groundwater which is aggressive to concrete in all forms of
. cements in the nuclear power plant site at the level of setting the foundation

- footing of the basic structures (the main building, spetskorpus), hydraulic seal
of the underground parts of the buildings is accomplished by using three layers of
waterproofing material in a bitumen mastic. All of the outside surfaces of the
structures which are underground are coated twice with bitumen. At the present
time waterproofing material made of shaped polyethylene is used. The application
of this type of waterproofing material improves its quality and sharply lowers the
labor expenditures on the construction site.

Main 3Building of the Nuclear Power Plant with VVER-1000 Reactor

The structural designs of the main buildings with VVER-1000 and VVER-440 reactors
have significant differences.

The reactor room of the nuclear power plant with the VVER-1000 reactor (see
Figures 3-7 to 3-10) is placed in an independent space. The foundation slab of the
reactor room 3 meters thick is made of monolithic. reinforced concrete reinforced
with spatial blocks. The reinforced concrete structures from the footing of the
foundations laid to the 12.3 meter level form a rigid massive three-dimensional
box on which the prestressed reinforced concrete shell of the reactor room is
supported.

The walls of the spaces between the foundation slab and the ceiling slab at the
12.3 meter level are reinforced blocks with concrete faces with previously
installed fittings for running service lines and pipes. The inside cavity of the
walls (between the concreted faces) is filled with concrete after they are
installed.

The ceiling slab at 12.3 meters is reinforced with sectional reinforcing blocks
lined on the outside. The lining is used as a form.

The reactor pit is reinforced with three-dimensional blocks with metal lining. The
end reinforcing dn the reactor pit is designed to take an emergency pressure.

The walls of the sealed space above the 12.3 meter mark are designed for emergency
loads, and they are made of steel cells, using the metal sheeting of the lining

as the supporting reinforcing. In order to join the reinforcing in the wall: and
ceilings, a Perederiye joint is used.

For the structural elements of the reactor room, concrete type 200 is used, the
specific weight of the concrete from the biological shielding conditions is no less
than 2.2 tons/m?. The supporting reinforcing is a periodic section type A-I, from
20 to 36 mm in diameter. The structural reinforcing is made of type A-III steel
from 10 to 20 mm in diameter. -

The lining of the reactor room is made of type 400 concrete with reinforcing by
stressed bundles of high-strength, smooth rod 5 mm in diameter laid in polyethylene
tubing 225 mm in diameter. The bundles are stressed by special jack with a

force of 10 M The injection of the channels is not provided for; in order to
prevent corrosion the bundles are coated with special lubricating compounds.
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The prestressing is determined beginning with the possible losses of tension
during prolonged operation, but in spite of this fact, provision is made for the
possibility of monitoring the tension of the reinforcing during the operating
perlod and tightening of the bundles if necessary. In addition to the stressed
bundles, the shell is reinforced with unstressed structural reinforcing to take ‘thé
thermal forces and local stress concentrations.

The shell is made in the form of a cylinder joined to a flat bottom and covered with
a dome. The radius of curvature of the dome is selected 1.5 times larger than the'
cylinder radius, for with this ratio of the radii, the vertical forces in the '
cylindrical part of the shell and arising with internal pressure in the dome can

be first taken by the stressed reinforcing of one cross section. The height of the
cylindrical part is 68 meters, the inside diameter of the cylindrical part is

45 meters. The thickness of the walls (1.2 meters) and the dome (1.0 meter) is
taken from the biological shielding conditions, and the dimensions also satisfy the
strength conditions.

The cylinder is coupled to the dome in the form of a ring in which the stress rein-
forcing is anchored. The cylinder is joined rigidly to the bottom, and on the
inside the joint is reinforced with a reinforced concrete bracket.

For the cylindrical part of the shell, in contrast to the orthogonal reinforcing
widely used in world practice, helicoid reinforcing is used in which the reinforcing
bundles running opposite to each other along a helical line at an angle of 35°15"";
to the horizontal plane provide for creation of the necessary squeezing verticallv
and horizontally (Figure 4-3).

The dome is stressed by two groups of bunched reinforcing which are at an angle of
90° to each other in plan view. The trajectory of each bunch is in the plane
perpendicular to the surface of the dome.

In order to insure a seal of the shell, provision is made for an inside metal lining
used as the form during the concrete pouring operations. The lining is made of
sheet carbon steel 8 mm thick protected from corrosion by aluminum plating with
sealing of the pores with epoxy coating. The tightness of the seams is insured by
special battens. The lining is attached to the concrete by angles welded to the
sheet with anchor bolts.

The cylindrical part of the shell is erected to the entire height from large
three-dimensional reinforced blocks weighing up to 20 tons, completely factory made
with previously installed metal lining and process fittings.

The concrete pouring is.done in a sliding form, for which a one-way form is
constructed which provides for continuous operations along the entire perimeter.

For construction of the dome, a structural design has been develoged with ‘ingtal}la—
tion of a temporary top supporting .arch permitting the dome to be ergcted .indepen-
dently of the bridge crane which installs the equipment. A circular instal ‘:i,;q:n_;'

bridge is suspended from the center of the arch (see Figure 4-4) which is .dé’s“i‘gt}e,d
to perform the welding and other construction-installation operations on. thedome
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Figure 4-3. Diagram of the erection of the cylindrical part of the
shell and location of the channel formers

1 -- reinforced framing; 2 -- sliding form; 3 -- polyethylene channel
former of the cylindrical part; 4 —— polyethylene channel former of
the dome.

The ends of the steel sections with lining which form a single dome after closure
are supported on the same central support of the arch, The first layer of the
dome is poured 350 mm thick. Then after laying the bunched reinforcing and the
structural reinforcing, the dome is concreted to the entire thickness. All the
operations of building and concreting the structural components of the reactor
room are conducted in four stages (see Figure 4-5).
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Figure 4-4. Schematic of the erection of the dome of a shell (a) vand:
a fragment of a metal section (B). ™+ fi o 2
1 —— metal section of thé‘dome; 2 —-- metal lining; 3 -- remévable . :
installation arch; 4 -- installation bridge; 5 -- reinforced concrete
shell; 6 -- top manipulator
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- After concreting the shell, the bunched reinforcing stretched through the
channel formers, and they are put under multistage group tension to a force of
- 10 MN. For mechanization of these operations special manipulators have .been
developed.

The shell is equipped with monitoring and measuring instruments to monitor its
conditions and its operations during construction, for prestart-up testing and
operation and maintenance later.

The machine room and the electrical device stacks are rectangular, 156%63 meters in
plan. The supporting frame designed in metal is formed by transverse frame with

12 meter spacing in the longitudinal direction. The framing of the machine room
is adjacent to the multistory electrical device stack. The stability of the build-
ing in the transverse direction is insured by the rigid frame of the stack. The
stability of the frame in the longitudinal direction is created by vertical ties
and bases between the colums.,

The frame of the machine room and the electrical device stacks is made of the
following types of steel: St.45 and 14G2; the chords and the supporting braces,
trusses, and collar beams of the stack, the webs of the columns and the crane tracks
are made of 14G2; and the remaining structural elements are made of VSt3ps steel.

The hinge-supported roof trusses of the machine room are taken in the trapezoidal
shape with triangular lattice. The height of the halftrusses corresponds to the
conditions of reinforced concrete dimensions. The trusses are made with a window.

The hanging facade wall of the machine room, the -electrical device stack and the
installation room of the spetskorpus from the 12.6 m mark and higher is made of
three-layer wall panels with the application of steel sheet section. Inasmuch as
the machine room has a light and ventilation window, the facades are designed with
minimum necessary glazing which basically is provided at the service level and is
justified by the ventilation requirement. The enclosure of the machine room to
the 12.6 m mark is provided with respect to the inside face of the columns made of
claydite concrete and light panels. All of the claydite concrete panels are faced
with glass inlay.

The frame of the end of the machine room is made metallic with 12 meter spacing
with a wind load truss constructed on the same level with the service areas f r the
type of unit and the electrical devices stack.

The between floors of the electrical unit stack are made of standardized reinforced
concrete, prestressed slabs of variable height with bent reinforcing strands. For
the roofing, thermal panels are used 12 meters long made of polished steel sheets.
The tracks under the crane are metal, cut from 14G2 steel. The floors at the

0.0 meter level of the machine room are made of prefabricated, ribbed reinforced
concrete slabs 3.0%3,0 meters, and at the points of installing the platforms,

from solid reinforced concrete slabs. The slabs are supported on columms built
into the sleeve type foundationms.
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Figure 4-5. Diagram of the performance of construction operations
when building the reactor room in stages

The foundations under the turbounit are designed from prefabricated monolithic
: reinforced concrete for auxiliary equipment —- monolithic and prefabricated
! reinforced concrete.

The retaining walls of the basement are made of standardized reinforced concrete
prestressed panels.

In order to avoid nonuniform settling under unfavorable ground conditions, large-
diameter drilled and driven piles are driven under the foundations of the machine
room frame and the electrical unit stack and also under the turbounits.  With -

aggressive groundwater, the piles must be made.of concrete with increased density.

In order to improve the reliability of protection of the basement from groundwater
flooding, in addition to the drainage, a solid reinforced concrete slab is laid
and bonded waterproofing material is installed.

Auxiliary Buildings

The spetskorpus of a nuclear power plant with VVER-440 reactor consists of two -
parts separated by the thermal-settling expansion joint, high —— specialized~
water and gas purification -- and underground -- special waste storage (Figure 4-6

and 4-7).

The underground part from the footing mark to 4.6 meters made of monolithic and
prefabricated monolithic concrete and reinforced concrete forms a rigid box
foundation serving as a reliable foundation for the higher structural elements.
The above-ground part is made in the form of a prefabricated reinforced concrete
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. frame from the +0.0 mark and a stack between rows B and C. The spacing of the
colums in the longitudinal direction is 6 meters. For the installation time the
stability of the frame in the transverse direction is insured by the rigidity of
the frame subassemblies of the framing stack, and in the longitudinal direction,
by the vertical, cross mechanical ties.

During the operating period, the stability both in the longitudinal and transverse
directions is created by rigid diaphragms formed by the reinforced concrete
biological shielding walls.

The outside walls are made of reinforced concrete panels 230 mm thick.

The special waste storage, which is in the form of a rectangle in plan view is made
of monolithic and prefabricated monolithic reinforced concrete, depending on the
process requirements.

The tanks for storing active liquids are designed metal by the "container in
container"” principle in order to control random leaks of the main tank and simultan~
eously keep the active liquids from getting into the concrete.

The spetskorpus of a nuclear power plant with VVER-1000 reactor is a rectangle
60%84 meters in plan. The building is built to the 7.5-12.0 meter mark from pre-
fabricated monolithic reinforced concrete; above, it is framed, in the form of a
four-span frame with spans of 12 and 15 meters. In the longitudinal direction the
column spacing is taken as 6 meters (Figures 4-8 and 4-9).

The frame columns are prefabricated reinforced concrete, and the roofing beams are
metal., The internal structural elements, depending on the biological shielding
requirements, the number of intersections of the process service life and continua-
tion, are made of monolithic or prefabricated reinforced concrete. Reinforecing
blocks with monolithized faces are used for the inside structural components
(Figure 4-10).

The foundation of the spetskorbus is a solid foundation slab under which bonded
waterproofing material is installed.

The sanitation and general services facility is a five-story building with basement
and engineering level; its dimensions in plan are 36.0%36.0 meters, the story
height is 4.2 meters, the column grid is 6.0%6.0 meters. It is connected to the
main building by a crosswalk at the third-story level. The building of the sanita-
tion and general services facility is frame type (Figure 4-11). The frame is made
up of six-span, five-story prefabricated reinforced concrete frames tied in the
longitudinal direction by braces and panels of the between floors., The transverse
and longitudinal rigidity of the frame is realized by rigid reinforced concrete
diaphragms., The frame columns are supported on the walls and columns of the
basement part of the building which are executed in monolithic reinforced concrete.
Under the solid foundation plate there is solid bonded waterproofing material.

The wall enclosure is designed from claydite concrete panels faced with glass inlay.

The brick walls of the basement are lined with a "horn" type of ceramic tile. The
window frames 2nd sashes are made of aluminum alloy.
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Figure 4-6. Spetskorpus of a nuclear power plant with VVER-440
reactor (section)

1 —— service room; 2 -- intake ventilation center; 3 -- service corridors
for pipelines; 4 -- exhaust ventilation center; 5 — adsorber; 6 -- ventila-
tion chambers and trap water and condensate pumping station; 7 -- dirty
condensate tank; 8 —- monitoring and measuring instruments facilities;

9 - service facility; 10 —- boron concentrate tamnk; 11 —- dosimetric
monitoring facility ' '
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Figure 4-7. Spetskorpus of a nuclear power plant with VVER-440
reactor, plan at the 2.7 meter mark

1 —- facilities for storing liquid waste; 2 -- trap water tank factlfty;
3 —- "clean" concentrate pump facility; 4 -- facility for storing dry
waste; 5 —— tank of "dirty" condensate and boron concentrate; ' =~ ¥ <l
6 —- SVO installation; 7 —- service compartment; 8 -~ exhaust ven
center and gas purification; 9 —- intake ventilation center :
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Structural Design of the Radioactive Circuit Facilities

A characteristic feature of the walls and ceilings of the radioactive circuit
facilities not calculated for emergency pressure is that their thickness is
determined by physical calculation from the condition of providing biological
shielding against radioactive radiation. The traditional calculation principle
where the element cross section is determined from the condition of insuring the
carrying capacity or limiting the deformations in this case is replaced by another
principle -- for the given size of element cross section it is necessary by
efficient reinforcing and proper consideration of all possible versions of opera-
tion of the system to achieve minimum consumption of the reinforcing per cubic meter
of structural components. Since frequently the cross sectional dimensions given
by . physical calculation exceed those required by the condition of insuring the
necessary strength, it is necessary to consider the operation of the lightly reiu-
forced concrete.
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Figure 4-8. Spetskorpus of a nuclear power plant with VVER-1000

reactor (section)

1 —— area for fresh fuel containers and jackets; 2, 3 -- bottoms tank area;
4 —— air 1ift area; 5 -- "dirty" mechanical workshop; 6 —- "clean" coniensate
tanks and pumps facility; 7 -- special water purification compressor room;
8 —- corridors; 9 -- ventilation chamber; 10 -- "dirty" pipe service
corridor; 11 -- ventilation system plenum area; 12 -- aerosol filter area;
13 -- reagent storage; 14 -- area for dosimetric monitoring of stack
discharge; 15 -- exhaust ventilation center assembly room; 16 -- special
water purification assembly room; 17 -- intake ventilation system assembly
room.
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Figure 4-9. Spetskorpus of a nuclear power plant with VVER-1000
reactor, plan at the 12.0 meter level [See legend on following pagel
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[Legend for Figure 4-91:

1 —— fresh fuel storage; 2 -- spent fuel container storage; 3 -- exhaust
ventilation center assembly room; 4 -- special water purification assembly room;
5 -- "dirty" workshop; 6 -- intake ventilation center assembly room; 7 -- dosi~

metric monitoring facility; 8 -- fan facility; 9 --.gas borer facility; 10 —— lab-
oratcry; 11 -- washrooms; 12 —- pipeline shaft; 13 -- control panel

As the biological shielding of the radioactive circuit, at modern nuclear power
plants_ordinary reinforced concrete is used with a specific weight of 2.2 to 2.4
tons/m3, and only in exceptional cases are heavy concretes of increased specific
weight (3.6-4.2 tons/meter), cast iron protective plates, and so on used (for more
details see Chapter 5).

The reinforced concrete enclosing structures of the radioactive circuit simultan-
eously perform the functions of the biological shielding of the bearing structures,
and in individual cases, together with the metal lining they insure a seal of the
radioactive circuit facilities with increased pressures and temperatures (in emer-
gency situations).

The requirements of sealing the facilities and biological shielding lead to the
fact that the cables, pipelines providing for the production process pass through
the walls in special fittings installed in the walls before the concrete is poured.
Also fittings are installed before pouring the concrete to fasten the service lines
and the sealed doors and hatches.

The high cost of the stainless steel pipelines, electrotechnical and monitoring

and measuring service lines, complexity of purifying the air in the radioactive
circuit facilities gives rise to the necessity for maximum reduction of the size
and, correspondingly, the volumes of the facilities. This leads to highly complex
structural designs of the facilities, especially in a cylindrical shell.

The engineering and construction design of the structural elements of the radio-
active circuit is presented in accordance with the appropriate SNiP.

From 100 to 150,000 m3 of reinforced concrete are spent on the main facility of a
modern powerful nuclear power plant, that is, 0.09-0.18 m3/kilowatt. The basic
proportion of the reinforced concrete consumed for the main facility of a nuclear
power plant goes to the structural components of the radioactive circuit facilities.
For the entire nuclear power plant complex, including the auxiliary structures,

up to 250,000 m” of reinforced concrete or concrete are required.

For the construction design and construction of the biological shielding it is
necessary to insure high quality of the concrete, for the presence of pits in the
concrete can greatly reduce the shielding characteristics of the enclosing struc-
tures which depend on wall thickness.

In the design it is necessary insofar as possible to avoid structural components
and subassemblies where the pouring of the concrete is difficult. At locations
where the reinforciig and fittings accumulate, which are difficult of access for
vibration, it is necessary to use mobile concrete mixes of increased plasticity.
When performing the operation there must be rigid control of the pouring and vibra-
tion of the concrete mix, especially when it is poured behind the lining used in a
form,
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When designing the biological shielding it is necessary to know -the .degree of
influence of cracks in the concrete on its shielding properties.

Ordinary reinforced concrete structures'do not operate without cracks. By the
conditions of preventing corrosion of the fittings in accordance with the norms,
crack formation with a width of opening to 0.2 mm is permissible in these components.

Figure 4-10. Reinforcing block with monolithic concrete faces.
1 —— concrete face; 2 -— bar trusses; 3 -- fixtures.
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Figure 4-11. Frame of the sanitationand general services facility.
1 -- stiffening diaphragm

The studies of the properties of concrete biological shielding when it is under the
effect of radioactive radiation demonstrated that ordinary broken (sawtooth)

cracks in the concrete which do not permit direct leakage along the seam, screen
out the radiation and in practice do not lower the shielding properties of the
concrete. A phenomenon arises analogous to the passage of a light beam through
broken slits.
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On the basis of the research, the possibility of building biological shielding
from reinforced concrete blocks (Figure 4-12) has beex: discovered, the thickness
of which by comparison with shielding made of monolithic concrete is not increased.
It is recommended that in these cases provision be made for vertical joints of the
"dovetail” type with filling with ordinary concrete. The blocks are laid one on
the other using ordinary mortar. The design of the joint in shielding made of
heavy concrete must be substantiated by the corresponding calculation.

The reinforcing of reinforced concrete biological shielding is accomplished beginning
- with the condition of insuring the supporting capacity of the structural components
under the effect of emergency loads, the rate of the-higher structural components
themselves, the weight of equipment during operation, maintenance and assembly and
loads from the frame in the general framing system of the main facility, and so on.

Figure 4-12. Prefabricated reinforced concrete blocks of biological
shielding

Biological shielding used as the supporting structure can be divided into two
categories. The first category includes biological shielding, the thickness of which
determined by physical calculation exceeds the thickness required to insure support-
ing capacity of the structure and its reinforcing is not required by engineering
design. This type of structure includes the lightly loaded walls and ceiling of a
short span in facilities requiring increased radiation shielding.

115
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2

FOR OFFICIAL USE ONLY

Figure 4-14, Reinforcing block (truss package) of a reactor room wall

Figure 4-15. Reinforcing block (reinforcing frame) of the ceiling of
the reactor room lined with sheet steel
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The second category includes biological shielding, the thickness of which is
completely used in the supporting structure and the reinforcing is required by
calculation. This category includes the walls and--ceilings of sealed radioactive
circuit facilities designed for emergency pressure, the clean and dirty distillate
tanks, the recharging and holding basins, large-span ceilings and floors, and so
on.

The reinforcing of the structural components of the biological shielding in the
first category is accomplished along the faces in two directions structurally to
take the effects from the shrinkage of the concrete and changes in temperature.

The reinforcing is usually of a periodic profile 12-16 mm in diameter with 200 mm
spacing. During reinforcing, independently .of whether the reinforcing is required
by calculation or is installed structurally, it must be joined by a working joint
and reliably accurate, This reinforcing principle is adopted to awoid stress
concentration in the cross sections weakened by nonworking joint of the reinforcing
and to prevent extraordinary opening of cracks from shrinkage and temperature in
these locations.

In the case of reinforcing of corners, independently of whether the reinforcing is
installed by the engineering design or structurally, the reinforcing rods are run
into the adjacent structural components on the inside corners and they are joined
continuously on the outside corners (Figure 4-13). This rule must be observed
for reinforcing in any direction for both walls and ceilings and floors.

In order to facilitate the installation of the reinforcing of the structural
components of the primary circuit the walls and the ceilings and floors can be rein-
forced by supporting truss packets and supporting reinforcing framing.

For formation of the truss packets the reinforcing required in the reinforced con-
crete structural component is joined into a spatial supporting block which is
created by vertical and horizontal bar trusses with cross lattice., Here an effort
is made to reduce the additional metal consumption to a minimum. The truss packets
of the walls are depicted in Figure 4-14,

The reinforcing frames of the walls and ceilings are reinforcing blocks to which the
form panels or metal lining used as the form are attached (Figure 4-15). Depending
on the thickness of the floor or ceiling, the reinforcing frames are made either
from bar trusses or from rolled metal trusses. The truss metal is considered as
rigid reinforcing when calculating the reinforced concrete floors and ceilings.

If the reinforcing is required by calculation, then the truss packets of the walls
are joined to each other by welding through an insert, the structural reinforcing
is dovetailed or joined by superposed grids. The Perederiye loop joint has found
broad application for joining the calculated reinforcing of the truss packages

of the walls and the reinforcing frames of foundation slabs and ceilings and floors.
This joint sharply reduces the amount of welding required at the comstruction site.

Engineering Design Elements of the Structural Components of the Main Structure

When calculating the structural design of the main structure, it is necessary
correctly to estimate the operation of all of its component parts in the overall
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system of the building during all periods of construction, installation, assembly,
operation and maintenance. Here the most unfavorable, but possible combinations
of loads on tiie structural components must be taken into account. An analysis
must be made of the operation of the entire system as a whole. The analysis of
the operation of the entire structure for special combinations eof loads, during
emergencies and disastrous natural phenomena such as hurricanes, earthquakes, and
so on, requires fixed attention.

Properly selected design diagrams of the structure are the guarantee of economical
and safe operation of the entire complex of nuclear power plant structures.

The method of construction must also be considered when evaluating the operation
for the project in its various phases of erection, when selecting its engineering
design diagrams and, of course, when constructing its elements.

When constructing the nuclear power plant it is necessary to begin with the most
improved methods of performing the construction operations which will insure high
quality of the structural components and minimum expenditures on erecting them.
When estimating the efficiency of the choice of one system or amnother of executing
the structural components, primary attention must be given to reducing the labor
expenditures at the building site.

Rated Design Diagrams

In order to calculate the structure, it is necessary to replace it by a design
diagram. The design diagrams must be the most exact picture possible of distribu-
tion of forces and displacements of the elements for any possible combinations of
loads. For each phase of operation of the structure both during construction and
during operation and maintenance, its correspondence to the selected design diagrams
must be checked. The more complicated building, the greater the number of versions
in the design diagrams that must be considered in order to reflect its actual con-
dition in various phases of erection, operation and maintenance.

The degree of accuracy in performing the calculations must be reasonable considering
the fact that when selecting the engineering design diagrams some simplifications
are introduced by comparison with actual operation of the structure. The greatest
attention must be given to consideration of the spatial operation of the structural
components, the interaction of the elements in plan view and with respect to alti-
tude. This specilally pertains to caleulating the reinforced concrete structural
components of the radioactive circuit.

- When building, operating and maintaining the structures it is necessary to know the
rated design diagrams by which the structural components were calculated and not
permit deviations from them. Any deviations, the necessity for which has arisen

- during construction, operation or maintenance, must be agreed on with the designers.

This requirement arises from the fact that the variations in the structural com-
ponents, for example, exclusion of individual elements of the frame, organization

of openings in the wall or the ceiling for assembly and the dismantling of equipment
not provided for by the design diagram can change the static system of the struc~-
ture, and an emergency can arise under loads less than provided for in the design.
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Geometric "nvariability of Structures

The structural components must provide geometric invariability, stability of the
structure for any possible combinations of loads on it as a whole or on individual
elements. Fallure to satisfy this requirement during the design and construction
of the structure can lead to serious emergencies.

Usually geometric invariability of structures is provided by the construction of
rigid vertical and horizontal discs which can be formed by reinforced concrete

- monolithic or prefabricated (monolithized) structural components in the plane of
the walls and the floors and ceilings or using metal ties provided between the frame
colums, and in the plane of the bottom chords of the roof trusses. The ties can
be installed temporarily to insure invariability of the system for the assembly
period before erection of the monolithic reinforced concrete massifs or for the
entire service life of the structure.

The system of ties and rigid discs must provide for successive transfer of forces
from the point of application of the load to the foundations of the building. It
is necessary to see that this is along the shortest path,

In individual cases the transverse and longitudinal stability of the building ¢an
be insured by rigid joints of the building elements without installing additional
ties. In all cases, insurance of stability of the building must be checked by
special calculations considering all phases of the construction and erection of the
structure.

Rated Design Diagrams of the Frame of the Primary Structure. When compiling the
rated design diagrams of the frame of the primary structure, the reactor section
block is taken as a rigid disc, for its rigidity is incommensurately higher than the
rigidity of the frame elements as a result of transverse walls, floors and ceilings.

If during the period of erection of the building, according to the construction
procedures, the reactor section block cannot be considered in the operation of the
frame (for example, it is necessary at some time to pass a construction crane
between the reactor section and machine room), it is necessary to install temporary
metal ties in the frame of the machine room or, checking by calculation, to reduce
the loads of the frame by limiting the lifting capacity of the bridge cranes in the
machine room or not hanging the wall panels along row A in order to decrease the
wind load.

The use of the biological shielding block of the reactor room as a component part

of the complex of supporting structures of the principal structure is interesting

to trace in the example of designing the structural components of the principal
structures of the first three stages of the Novovoronezh Nuclear Power Plant. Where-
as during the operation and maintenance period the reactor room block in the struc-
tures of all three phases of the electric power plant is considered as a rigid disc,
the problem of using the biological shielding structures in the operation of the
frame in the first phase of construction was solved differently (see Figure 4-1).

In the first phase (Figure 4-~16, a) the massive monolithic reinforced concrete

structural components of the reactor room were erected by construction cranes to
the 17,5 meter level; then the reinforced concrete frame was installed on them on
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which the bridge crane was mounted. The erecting loads from the erane were trans-
mitted through the frame columns to the reinforced concrete block.

In the second phase (Figure 4-16, b) a prefabricated reinforced concrete frame was
installed onthe foundation plate to the entire height of the building. One of the

- bridge cranes with 30-ton capacity was supported on the frame. - After installa-
tion of the frame, the roof and wall enclosures were installed. The basic concrete
work of erecting the monolithic reinforced concrete structural components of the
biological shielding was done inside the building using the bridge cranes. The
rated design diagram of the frame during erection differed sharply from the rated
design diagram during operation, for in the first phase of construction the primary
circuit block did not participate in the work of the frame. The frame colums were
subsequently concreted in, and they became part of the monolithic mass of the
biological shielding of the reactor section.
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Figure 4-16. Rated design diagrams for the frame of the principal
structure of the Novovoronezh Nuclear Power Plant during construction

In the third phase (Figure 4-16, c) the decision was made to install the frame
columns on the foundation plate only along row C for the possibility of erecting
the longitudinal electrical equipment stack independently of the structural design
of the reactor section. The wall of row E, in view of the high saturation with
fittings, was executed in monolithic reinforced concrete. The rated design diagram
of the frame during erection was found to be intermediate between the rated design
diagrams of the first and second phases of the electric power plant. The rated
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design diagram of the frame is depicted in Figure 4-17 for operation of the power
unit with the VVER-440 reactor.
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Figure 4-17., Rated design diagram of the frame of the main structure
of a nuclear power plant with VVER-440 reactor during operation and
maintenance

When solving the investigated erection diagrams, two principles were advanced: the
first was maximum economy of the material, total use of the bearing capacity of the
structural components in all phases of construction and erection; the second was
maximum use of the operating lift machinery during the construction and installation
period, an effort at maximum short times for beginning of installation and conduct
of it in the closed facility.

Another structural solution was ‘then adopted for the nuclear electric power plants
with VVER-440 reactor: the prefabricated reinforced concrete columsn of the framing
do not pass through the biological shielding walls, but are supported on them. For
acceleration of the startup of the bridge crane the entire reactor room block is
not erected, but only the walls under the columns. When necessary the lift capacity
of the bridge crane is limited for the period before erection of all of the struc-

tural components of the reactor section, insuring restraint of its framing stanchions .
(Figure 4-18)
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Figure 4-18. Rated design di'agram of the frame of the primary structure
of the nuclear power plant with VVER-440 reactor during the construction
period

Seismic Effects. When calculating the structural components of a nuclear power
plant it is necessary to consider seismic effects. In order to insure the required
degree of reliability and also to achieve the best economic characteristic of
nuclear power plants located in seismically active regions, the equipment, the
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process systems, the monitoring and control systems and also the production build-
ings and structures are classified by the attributes of their participation in
insuring radiation safety and reliable operation of the nuclear power plant.

The equipment and the systems of a nuclear power plant are divided into three
groups with respect to earthquakeproofness:

Group I includes the systems, machinery, instruments, electrical equipment, control
panels, cable and pipeline corridors, and so on, the purpose of which is conmected
with insuring radiation safety in' emergency situations. This group includes the
elements, systems and devices, damage to which can-lead to an inadmissible increase
in the oxygen activity yield and also the elements, systems and devices containing
highly active media; :

Group II includes the systems, equipment and devices, the failure or destruction of
which will lead to fast (no more than a few hours) curtailment of the electric
power generation process and also fire-hazardous devices and systems (categories A,
B and C with respect to fire hazard), not entering into group I;

Group III includes equipment, systems and devices not entering into groups I and II.

In accordance with the classification of the process systems and equipment, three
categories of earthquakeproofness of buildings and structures for production purposes
are defined:

Category I includes the buildings and structures in which the process system and
devices of group I are located (the means of insuring radiation safety, emergency
shutdown, shutdown cooling and removal of residual heat releases from the reactor,
the system for normal operation with active coolant or live steam to the cutoff
elements inclusively, and so on);

Category II includes the buildings and structures in which the process systems and
equipment of group II are located (the turbounit, the normal blowdown and makeup
of the system primary circuit, the stationary oil and liquid fuel storage, the
ventilation types, and so on);

Category III includes buildings and structures in which the process systems and
equipment of group III are located (the auxiliary boiler room, acetylene generator,
the combined auxiliary structure, and so on).

The structural components of a nuclear power plant belonging to category I are
designed for seismic effects from an earthquake with a calculated probability of
once in 10,000 years.

Since emergencies connected with rupture of the pipelines can be caused by earth-
quakes, buildings and structures of category I are designed for the joint effect
of loads arising as a result of a maximum earthquake, and loads (mechanical and
thermal) caused by the appearance of a "large" leak.
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The structural components of a nuclear power plant are designed for.seismic effects
in accordance with SNiP II-A,12-69,

When determining the calculated seismicity of the region in which the nuclear power
plant is being built, it is necessary to consider the possibility of changes in the
background seismicity of the region as a result of consideration of the specific

_ conditions of the nuclear power plant building site —~ the microseismic regionaliza-
tion.

Emergency Loads. In connection with increased requirements with respect to insuring
safety of the nuclear power plant, the localization of the products of any possible
emergency must take place within the limits of the sealed circuit. In accordance
with the existing construction norms, the structures enclosing the radioactive
circuit must be designed for the effect of all factors for maximum possible emergency
(MV-A) and the dynamic forces arising in this case.

During normal operations of a nuclear power plant the pressure in the process circuit
and the coolant temperature greatly exceed the pressure and temperature in the
facility (tha coolant parameters are determined by the type of reactor). In case of
emergency, the active coolant escapes into the sealed facilities where the pressure
and temperature rise sharply. Therefore when calculating the structural components.
it is necessary to consider the dynamics of the process of escape of the coolant
accompanied by a change in the designed parameters in the radioactive circuit
facilities. In the case of high pressure inthe circuit (for example, a pressure in
the primary circuit of the power unit with VVER-1000 reactor is 16M-Pa) in case of
an instantaneous rupture of a main circulating line, a shock wave will occur. Jets
of coolant in different phases under pressure can act on the surrounding structures;
pipes and fittings can break, there can be so-called "flying objects," the ends of
the broken pipe can move in any direction under the effect of the jet forces on
escape of the coolant (with load on the stationary anchor support of the pipeline
and, correspondingly, on the structural component in which the support is fitted,
rises), the jet of coolant from the end of the broken pipe can be under pressure in
any direction: toward the floor, the walls or the ceiling.

As the coolant escapes from the process circuit the pressure rises in the sealed

facilities, depending on the type of coolant, its parameters and the volume of the

facilities into which the coolant escapes. In order to lower the emergency pressure

of the steamair mixture in the sealed circuit facilities, special steam condensa-

tion units are used: bubblers, sprinkling systems. For the fifth power unit of

the Novovoronezh Nuclear Power Plant the designed emergency pressure in the protec-

tive envelope of the reactor considering operation of the sprinkler systems was

0.4MPa. .
Considering the radioactivity of the coolant, high requirements are imposed on the
seal of the facilities and, correspondingly, on the structural components providing
the seal. They must be designed for the most unfavorable combination of emergency
and operating loads and unconditionally insure seal of the radioactive circuit ‘
facilities. The structure is calculated for dynamic short-term effects of a shock
wave, the escaping jet of coolant, the jet forces on the pipeline supports, a
sharp rise in temperature in the facilities and the effect of steady increased

- pressure and increased temperatures in a sealed volume,
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On the basis of an analysis of the course of the dynamic processes during an
emergency with time, it is necessary to select the calculated load combinations
correctly. Since the calculation is performed-for a low-probability emergency,
excessive margins leading to overconsumption of materials are not necessary.

The effect of the emergency loads in accordance with the SNiP is taken into account
in combination with the constantly operating loads from the weight of the struc-
tures, basins, equipment, and so on themselves. The overload coefficients in this
case are assumed according to SNiP for special combinations of loads.

If an emergency can arise as a result of external effects such as an earthquake,
a blast wave, possible combinations with emergency loads are considered in the
calculation.

The structural components are checked for the effect of flying objects which first

of all should not destroy the seal of the shielding structures. Since the seal of

the reinforced concrete structures is provided by a metal lining, protection of the
lining from flying objects must be provided.

In the practice of calculating emergency loads on the structural components of

the radioactive circuit, there are still no special norms; the Instructions for
Designing Mine Shelters (SN-453-73) are used. According to these instructioms,
when calculating the shielding structures for consideration in the dynamic effects,
the following coefficients of dynamic reinforcing of the material Ky are assumed,
which increase the design resistance of the building materials:

For concrete and rock masonry ' 1.2
For rolled steel sheet and section 1.4
For stretched longitudinal, transverse and bent reinforcing, classes

A-I, A-IT, A-III (for calculation for bending and tramsverse force) 1.3

For compressed reinforcing of all classes, stretched longitudinal,
transverse and bent, classes A-IV, A-V, A-VI and reinforced by draw-
ing or thermally 1.0

The dynamic resistance of the material when designing the structural components for
a shock wave is taken according to the corresponding chapters of the SNiP consider-
ing the reinforcing coefficient Ky.

The structural components of the reinforced concrete biological shielding inside
the sealed circuit are designed for an emergency pressure gradient, shock wave,
the effect of a coolant jet and the jet forces from rupture of pipelines.

The calculated emergency pressure gradients for the internal facilities of the
reactor room of the VVER-1000 were taken as 0.17, 0.03 and 0.01 MPa depending on
their remoteness from the possible place of rupture of a pipe.

The calculation for the shock wave is made in accordance with the Instructions for
Designing Structural Components to Take Pulsed Loads [36].

It is not necessary to consider the simultaneous effect of the shock wave and the

calculated emergency pressure on the structural components, for they do not coin-
cide with respect to time.
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The load on the structural component from the effect of the jets depends on the
type of coolant, its temperature and pressure in the circuit and the distance of
the structural component from the possible point of rupture. The proposed rupture
of a pipeline can take place at any point; therefore the distance is determined
from the calculated structural component to the nearest high-pressure line. The
load on the structure from the coolant jet qjet is defined by the formula

et = P1“p:i.pe/}‘:|j et?

where P is the calculated coolant pressure in the circuit; F {pe 1s the cross sec-
tional area of the coolant pipe; Fyet 1s the area of .ffect of the coolant jet:

Fjet = m(Dy+22 sin a) /4;

here D, is the high-pressure pipe diameter; o is the zngle of dispersion of the
coolant on escape; % is the distance from the line to the structural element.

Thermal Effects. During the normal operation, the temperature in the radioactive
circuit facilities is determined by the heat releases of the process equipment and
lines with the coolant and also the adopted ventilation systems. The manned and
unmanned facilities can border on each other; therefore temperature gradients will
arise on the surfacesof the walls and the floors and ceilings of these facilities.
Thus, the temperature in an unmanned facility can reach 60-80°C, and the temperature
in the adjacent manned facility will remain at a level of +20°C. For walls and
floors and ceilings which border on the outside air, the designed temperature
gradient increases, for the minimum winter temperature of the outside air must be

- considered. In this case the temperature gradient can exceed 100°C.

In emergencies when coolant escapes, the temperature in the facility can rise to
+150°C and, correspondingly, the temperature difference on the surfaces of the
elements can reach 170-180°C.

Ordinary concrete subjected to alternate cooling and heating during operations can
be heated to 200°C, and in the structural components operating under constant heat-
ing conditions, to 250-300°C with corresponding loss of strength.

During normal prolonged operation at steady temperatures in the facilities and
correspondingly constant thermal flux the forces from nonuniform heating will be
low or will disappear entirely as a result of the development of creep deformations
in the concrete. In the case of a sufficiently fast drop in temperature in the
facilities when the power unit is shut down after prolonged operation a temperature
gradient arises in the structural components in the opposite direction. In this
case the designed characteristics of the concrete and the reinforcing are taken
without considering creep.

The calculation for the temperature of the reinforced concrete elements is made in
accordance with the structural mechanics rules, but considering that the rigidity
of the cross sections depends on the elastic-plastic properties of the concrete
and the reinforcing [35, 60].

The calculation of temperature effects is discussed in [35, 77].
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When heating, the chemically unbound water is evaporated out of the concrete;
therefore the specific weight of the concrete in the dry state decreases on the
awerage from 100 kg/m3, and on heating above 400°C, by 200 kg/m3. Therefore it is
necessary when calculating reinforced concrete structural components of biological
shielding against radicactive radiation to consider the possible decrease in
specific weight as a result of drying out of the concrete.

Spatial Operation of the Structural Elements. When designing the structural
components of the radioactive circuit facilities the wall, ceiling and floor thick-
nesses must be calculated considering the maximum use of the material of the
biological shielding, that is, it is necessary to strive to see that the biological
shielding material is not only a radiation shield, but also a bearing structure
participating in the overall operation of the structure.

The structural components of the radiocactive circuit facilities usually are hori-
zontal and vertical planes which .form spatial, multibay and multistory boxes. When
designing them it is necessary to consider the loads from the weight of the struc-
tural components themselves. It is also necessary to check the spatial box with

all floors, ceilings and diaphragms for joint operation and to see that the corri-
dors and openings for equipment do not Aiminish the bearing capacity of the support-
ing structures to an inadmissible amount. Since the load from the weight in a
multistory reinforced concrete box increases from top to bottom, im all horizontal
cross sections the area of the bearing structures must be correspondingly sufficient
to transfer the load.

At the beginning of the design work it is necessary to know the configuration of

the structure and plan view and with respect to height, the load from equipment,

the location of basins and tanks with water, the facilities designed for pressure
under emergency conditions, the required thicknesses of the structural components
from the biological shielding conditions, and so on.

Special attention must be given to the structural design of the bottom facilities,
for their vertical walls, and in some cases, in the case of unfortunate layouts,
the floors and ceilings experience enormous loads from the structures above.

Consideration of the three-dimensional operation of monolithic reinforced concrete
structures of biological shielding of the radioactive circuit facilities will be
investigated in the following example.

It is necessary to calculate the structural design of the radioactive circuit
facilities depicted in Figure 4-19., This is a two~story building elongated in the
plan view. The walls and the floors and ceilings are monolithic reinforced con-
crete, their thickness has been determined from the biological shielding conditions,
The central wall of the second floor does not coincide with the longitudinal walls
of the lower floor.

1f we do not consider the three-dimensional operatio of the structure, that is, we
do not consider the operation of the transverse walls of the second story, the
calculation is performed by the diagram presented in Figure 4-20, a in one plane
considering the gradual involvement of the entire structure level by level in
operation as it is erected. After erection of the floor-ceiling at the 5.0 meter
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Figure 4-19. Structural diagram of the radioactive circuit facility.
a -- section; b -- plan; q sy q » q is the useful uniformly
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Figure 4-20. Rated design diagrams of the structural elements of a
building (see Figure 4-19).

a -- cross section; b —— floor and ceiling at the 5.0 meter level
during erection; qgrect 18 the uniformly distributed erection load
when building the walls and the floor-ceiling of the second story,
Py, P, are the loads from the weight of the second-story structures
and tﬁe erection load for the floor-ceiling of the second story.
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level and the required setting time of the concrete, it is possible, taking the
structures of the lower floor as a braceless truss, to consider it for the entire
weight of the next floor. In the case of multistory building it is possible to
consider each level in this way. After erection of the entire building, the two-
story framing structure considering involvement of the entire system in operation
is considered for the operating and emergency loads in the given case.

In the presence in the structure of transverse walls supported on longitudinal
walls which in turn transfer the load directly to the ground, it is necessary to
consider them in the calculation. In this case the transverse walls are beam-
walls, In the rated design diagrams of the floor-ceiling of the second story at
the 5.0 meter level the upper beam-walls are considered as the floor-ceiling
supports, and the floor-ceiling and the beam-walls are reinforced accordingly.

When calculating large-span ceiling with respect to the lower supports, the walls
of the biological shielding higher up can greatly facilitate its operation for
operating loads. Thus, -onsideration of the upper walls in the investigated
example permits the floor-ceiling at the 5.0 meter level to be calculated as
supported along the faces and correspondingly to distribute the reinforcing with
respect to two directions, which is especially important for long-span floor-
ceilings. Considering the operation of the walls higher up offers the possibility
if necessary to organize openings in the floor-ceiling and the lower walls. The
reinforcing of the floor-ceilings, walls and their joints is accomplished in
accordance with the selected rated design diagrams which must be reflected in the
drawings. Attention must be given to checking the bearing capacity of the struc-
tural elements of the buildings during their erection. Thus, the floor-ceiling at
the 5.0 meter level must be checked for the force from the weight of the wet con-
crete of the structures higher up. The rated design diagram for the erection period
of the structure is shown in Figure 4-20, b.

The total load of the floor-ceiling in this case will be made up of loads from the
weight of the walls, floors and ceilings above and the loads arising during con-
struction and erection. The load from the central wall of the second floor must
be taken considering its own weight and the weight of the wet concrete of the next
floor-ceiling.
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Chapter 6. Organization and Technology of Nuclear Power Plant Construction

6-1. Organization of Construction

Basic Principles of Organizing Construction

The improvement of the efficiency and quality of construction reflects technical
progress in the branch. The primary areas of technical progress in nuclear power

plant construction under modern conditions are the following:

improvement of the designs, conversion to the construction of series nuclear power
plants;

the development of construction from prefabricated structural elements, an increase
in their degree of completion at the plant, and the application of new, advanced
structural elements and materials}

the development of a construction industry base;

improvement of all-around mechanization;

improvement of the technology of construction-installation processes and operations;

application and improvement of flow methods of construction-installation work;

the development of specialization of the construction-installation organizations,
advanced methods of labor;

improvement of the new system of planning and economic incentives;

improvement of the construction-installation operations control systems;
introduction of an all-around operations quality control system.

These areas are closely interrelated and mutually dependent. The solution of the

practical problems of improving construction in the area of organization and tech-
nology is being found considering this interrelation.
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Structure of Contract Operations

The construction-installation operations at a nuclear power plant by agreements
with the clients are performed by general contractors who use specialized subcon-
tracting organizations. The subdivisions of the general contractor for the con-
struction of the majority of nuclear power plants are directed by the All-Union

- "Soyuzatomenergostroy” Association of the USSR Ministry of Power Engineering. The
general contracting organizations perform a large volume of the industrial con-
struction work by their own forces (more than half of the total volume). The erec-
tion of the structural components and the earthwork are done by specialized subdi-
visions of this association. In order to carry out the special operations, subcon-
tract organizations of the USSR Ministry of Power Engineering are used (chemical
protection, waterproofing, hydromechanization and other operations) and also other
ministries (outside railroads and long roads for motor vehicles, gas lines, eleva-
tors, and so on). In the construction of housing the general contractor, as a
rule, performs all of the zero level operations and brick construction. The "So-
yuzenergozhilstroy" Association which is part of the "Soyuzatomenergostroy" Associ-
ation acts as a subcontractor in the construction and acceptance for operation of
the aboveground part of the prefabricated housing.

For installation of the process equipment the general contractor calls on the Glav-
teploenergomontazh which installs the thermomechanical equipment, the Glavelektro-
montazh which performs all of the operations involved in wiring and installing the
electrotechnical equipment, the monitoring and measuring instruments and automation,
and the All-Union "Soyuzenergozashchita" Association which provides thermal insula-
tion and chemical protection. Thus, all of the operations involved in installing
the process equipment are performed by specialized subcontracting organizations of
the USSR Ministry of Power Engineering. The interrelations of the general contrac-
tor and the subcontracting organizations are regulated by the contract rules.

The grant-receiving body-client of the majority of nuclear power plants is the man-
agement of the power plants under construction. The management boards are subordi-
nate to the All-Union Industrial Association "Soyuzatomenergo' of the USSR Ministry
of Power Engineering. An obligation of the client is provision of forms and re-
ports, equipment, financing, acceptance of work performed and acceptance of the
projects for operation. The client receives the technical forms and reports from
the design organization and transmits them to the general contractor with the "in
production” stamp. 'Soyuzatomenergo" as the client plans the construction of the
nuclear power plant, monitors the technical specifications for delivery of equip-
ment, trains the operating personnel, provides for the operation of existing nu-
clear power plants. The adjustment operations are performed under the supervision
of the management of the nuclear power plant by specialized institutes and organi-
zations.

The process equipment is ordered by the Glavenergokomplekt by the specifications of

the design organizations and the technical specifications agreed on with the sup-
plier plant and the clients. '
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Material-Technical Base of Construction

The system of enterprises and facilities of the construction organizations of the
USSR Ministry of Power Engineering and also branches of industry and transportation
servicing construction is common to all power engineering construction, including
nuclear power plants. The material-technical base of the USSR Ministry of Power
Engineering is divided into four groups:

1) the enterprises of the industrial associations and main administrations;

2) enterprises and facilities of the construction-installation associations and
main administrations on an independent budget;

3) subsidiary and auxiliary enterprises and facilities on the budget or leased by
the construction organizations, including at the construction bases;

4) machines, machinery, transportation means forming the fixed capital of the con-
struction organizations.

The construction of enterprises in the first and second groups, as a rule, is fi-
nanced from the capital investments in the construction industry or in power engi~
neering. The subsidiary and auxiliary enterprises are built at the expense of the
means indicated in Chapter 8 of the summary estimate for the construction of power
engineering and other projects.

The enterprises of the construction industry at the present time still do not meet
all of the demand for power engineering construction. About 2.5 percent of the pre-
fabricated reinforced concrete and 15 percent of the metal structural components
are made directly at the construction sites. This organization of their manufac-
ture is unsuitable; the products are expensive and have poor quality. The use of
production capacity and profitableness of the small enterprises are lower than for
large ones (Table 6-1). This type of production requires the comstruction at every

- nuclear power plant of shops, additional housing for workers involved in this pro-
duction and social-cultural-general services facilities.

| The fewer products built at the construction site, the less the demand for auxiliary

? production facilities and housing, that is, the cheaper and faster the electric
power plant is built. Hence, we have an important goal: the volume of manufac-
ture of any products at the construction site must be reduced to a minimum. This
problem is solved by further development of the enterprises of the building indus-
try. Here the optimal hauling distances from the building industry enterprises to
the construction site are considered to be up to 500 km for prefabricated rein-
forced concrete and up to 2,000 km for metal structural components. When it is
necessary to manufacture certain products at the building sites, the construction
of larger workshops and enterprises as a result of combining the means for tempo-
rary structures (the heads of eight consolidated locations) of several nuclear
power plants in the region, that is, construction of regional bases for a group of
nuclear power plants instead of small enterprises at each nuclear power plant sepa-
rately, can be economically substantiated.
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Table 6-1. Level of Use of Production Capacity and Profitableness of the Prefabri-
cated Reinforced Concrete Enterprises

_ Category of Enterprises Use of Production Profitable-
With Respect to Capacity Capacities, % ness, %
All enterprises 90 17
Enterprises with a capacity, m3/year:
10,000 78 5
10,000-50,000 84 15
50,000-100,000 92 10
More than 100,000 98 20

Table 6-2. Production Areas of the Rayon Bases Reduced to 1 Million Rubles of Con-
struction-Installation Operations

Enterprises of Rayon Base
Uncovered Enclosed

Storage Ware- Work-

Production Areas, m? Areas houses Sheds shops
For the construction trust with annual volume

of operations of 80-120 million rubles 1,100 50 70 90
For the heating installation trust with annual

volume of operations of 20-30 million rubles* 500 100 40 600
For the electric wiring trust with annual

volume of operations of 35-40 million rubles 350 150 120 150

* Including masonry and heat-insulating work.
Enterprises, Structures of the Rayon Base

The rayon base has material and machinery warehouses, repair shops, subsidiary en-
terprises, preparation shops for preparing the intermediate products, and so on.
All of the services and enterprises of the base are equipped with modern means of
mechanization, transportation, accounting and control. The capacity of the rayon
base and the composition of its enterprises are defined in the design. The areas
of the rayon base enterprises can be approximately estimated by the data presented
in Table 6-2.

It is desirable to locate the bases in the vicinity of the electric power plants
under construction with mandatory observation of special sanitary norms, using the
builders to create the base and the housing for the persomnnel, When designing the
base it is necessary to try to use the relieved temporary structures of construc-
tion being completed.

The following are characteristic of the construction of nuclear power plants: the
production of the reinforcing-form modules with reinforced-concrete permanent forms
(see Figure 6-11); three-dimensional metal cells using lining as the form (see Fig-
ure 6-12); the reinforcing and the reinforcing-form modules with stock panel forms;
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commercial reinforcing, fittings, lining billets and other metal structural compo-
nents.

The basic goals of the organization of the production of the reinforcing-form mod-
ules are an improvement of their quality, maximum reduction of the expenditures of
labor at the construction site when transferring their manufacture to the plant or
rayon base. Beginning with these requirements, all of the operations of assembling
the modules, their lining, painting, and so on are transferred to the shops of the
plant or the base.

The process lines for producing modules at the present time are being improved to-
gether with the structural designs of the modules. In addition to the modules, the
bases are producing bunched continuously wound stressed reinforcing for the cylin-
drical protective envelope of the reactor, and so on.

Temporary Structures of the Construction Bases*

The design of construction bascs for each specific nuclear power plant must be car-
ried out considering the use of the rayon base and the relieved temporary struc-
tures of the construction projects being completed.

The dimensions and the cost of the construction base for a nuclear power plant are
determined by the following factors in addition to the development of the base for
the construction-installation subdivisions:

the design level;

the level of organization of construction and, in particular, the outfitting with
- structural components and materials;

the level of specialization and the capacity of the subdivisions participating in
the construction;

the level of makeup of the process equipment, the delivery times for it, the degree
of modularization and factory completion, and the quality of the equipment;

the structural designs of the temporary buildings;

the nature of the basic machinery for the mass loading-unloading and assembly oper-
ations;

the type of intrasite transportation.

The influence of these factors on the dimensions of the construction base arises
from the following:

* TIn contrast to the term rayon base, below the group of temporary structures of a
nuclear power plant under construction will be called the construction base or con-
struction yard.
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when designing the construction base, the possibility of using permanent structures
for the construction needs is defined, the blocking of the temporary structures,
planning of the construction base are carried out beginning with minimum extent of
the roads and service lines and minimum number of storage facilities, offices and
other temporary structures. All of this reduces the expenditures on the temporary
structures;

organization of the construction determines the coordination of the times of deliv-
eries of structural components, materials and equipment with the construction times,
which influences the actual dimensions of the storage areas. The deficiencies in
coordinating the indicated times lead to an increase in the storage of reserves and
a corresponding increase in the area;

using specialized subdivisions lowers the volume of manufacture of stock and acces-
sories at the construction site, inasmuch as the specialized organizatioms are
equipped with them, and consequently, it lowers the number of workshops at the
building site;

- the condition of the deliveries of the process equipment directly determines the
dimensions of the shops and the areas for premanufacture and consolidation of the
equipment into installation modules and the dimensions of the equipment warehouses,
The delivery of incomplete equipment requires additional areas for storage and man-
ufacture of equipment;

the application of gantry cranes and railroad transportation determines the coordi-
nation of the assembly and storage areas with the railroads, the length of the rail-
roads, the motor vehicle roads and service lines;

- the structural design of the temporary structures determines their costs and the
possibility of repeated use at other sites.

In different phases of construction, the designs of the temporary structures have
been varied in accordance with the level of development of the construction indus-
try. At the present time the production of stock and collapsible buildings has
been organized:

buildings of the container type made of wood with a metal frame, entirely of wood,
from three-layer panels based on steel sheet section;

collapsible buildings made of three-layer panels, frameless and framed, folding
type designed by the Orgenergostroy Institute;

collapsible buildings of the frame, folding type with the application of multilayer
panels ("sandwich" type) with insulation made of polyurethane designed by the "En-
ergotekhprom'" enterprise;

air-supported structures with cold- or warm-air inflation at excess pressure and
also using supporting frames without inflation.
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At the present time the introduction of reinforcedwconcrete temporary structures in
the form of shells in a pneumatic form has been cited. The shell is created by
spraying the concrete on the inflated structure as a form which is removed after
the shell concrete has set. In Table 6-~3, the technical-economic indices of vari-
ous structural designs of collapsible temporary structures are presented. The ap-
plication of collapsible buildings is economically expedient in cases where they
are used several times (they are circulated) at various construction sites.

The cost of the construction base and also the construction times, especially dur-
ing the first period, are determined to a great extent by the concrete mix facili-
ties. The concrete facilities are frequently made up and built in 1-1.5 years.
The actual expenditures on creating them are very large. In order that the con-
crete facilities be put into operation in a few days and large ones, a few weeks
after delivery to the site, the standardized concrete facilities have been created
for power engineering construction with an output capacity of 15, 24 and 60 m3/hr
of concrete. Automated container-type concrete plants with a capacity of 24 and 60
m3/hr of concrete, cement storage facilities and container-type mortar units have
been developed. The technical~economic indices of the concrete mixers are pre-
sented in Table 6-4.

Figure 6-1 shows versions of the layout of the concrete mix facilities for building
nuclear power plants with a capacity of 4-5 million kilowatts. The BSU-60 concrete
mixer with an annual capacity to 190,000 m3 (60 m3/hr) is designed for making eight
types of concrete.

Table 6-3. Technical-Economic Indices (for 1 m? of useful area) of the Collapsible
Buildings 12 x 60 Meters in plar view (aboveground secticn) ‘

Orgenergostroy Design

Kuybyshev Novosibirsk
Branch Branch
UTS Series Energotekhprom Two~ Four~ Version Version
Structural Elements 420-06 Institute Design Panel Panel 1 2
Frame Steel Steel Steel
Enclosures ‘ Prefabri- Three-layer with Three-layer with lin- Wood
cated re- lining of sheet ing made of steel with
- inforced steel section sheet section and thermal
concrete and thermal in- DVP and the thermal insula-
sulation made insulation made of tion
of foam poly- FRP made of
urethane or . FRP
foam polysty-
» rene
- Consumption of ma-
< terials:
Steel (without
the mounted
equipment), kg 54.09 91.50 56.00 75.90 67.36 36.26
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Table 6-3 (continued)

Orgenergostroy Design

Kuybyshev Novosibirsk
Branch Branch
UTS Series Energotekhprom Two- Four- Version Version
Structural Elements 420-06 Institute Design Panel Panel 1 2
- Prefabricated re-
inforced con-
crete, m3 0.46 - - - - 0.07
Weight, kg 611.00 95.70 80.00 99.00 95.40 118.20
Labor expenditures
on installation,
hr/hr 3.48 0.13 0.12 0.15 1.11 1.12
Cost, rubles 56.50 78.00 39.97 50.98 51.69 39.80

Table 6~4. Technical-Economic Indices of the Concrete Mixers

Standardized
409-28-23 Sec-
Indices 409-28-30 BSU-24 tion BSU-60
Output capac-
ity:
u3/hr 30.00 24,00 48.00 60
Thousands
m3/year 94.85 95.00 151.90 190
Weight of metal ‘
structural
elements, tons 79.80 54.00 163.00 69
Expenditures of
labor on erec-
tion, man-days 1,296.00 125.00 3,729.00 560
- Cost, thousands
of rubles ©151.20 95,00 184,70 80
Manufacturer USSR Ministry Orgenergostroy USSR Ministry Orgenergostroy
~ of Road Con- of the USSR of Road Con- of the USSR
struction and Ministry of struction and Ministry of
Service Line Power Engi- Service Line Power Engi-
Machinery neering Machinery neering

The capacity of the filler storage areas when delivering by motor transportation is
designed reckoning 5-7 days of reserve and when delivering by rail, 10-day reserve
of gravel and 3-4-month reserve of sand for the winter period. The capacity of the
cement warehouses is: taken at about 4,000 tons. For building the nuclear power
plants, especially heavy concrete is required with a specific weight of 2.9-4.2
tons/m3 for ore or other heavy fillers. This concrete is delivered for pouring in
the structural components and usually slowly, in accordance with demand, which re-
moves the concrete plan from the normal rhythm and delays the mass operations using
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ordinary concrete; therefore at the large nuclear power glants it is expedient to
set up two concrete plants: one with a capacity of 60 m®/hr and a second with a
capacity of 24 m3/hr. 1In practice these plants provide for the annual demand of
ordinary concrete (more than 200,000 m3) and they provide completely for the demand
for especially heavy concrete (to 3,000 m3 for one power unit of a nuclear power
plant with RBMK-1000 reactor)., As a result of the shortage of such plants, the
nonmodular plants are being built with two and four concrete mixers with a capacity
to 1,200 liters each. '

The minimum composition of the construction base is as follows: storage area for
the building materials and structural components with sites for comnsolidation of
the structural components; equipment warehouses; concrete mix facilities; roads;
railroads; mechanization bases; chief mechanics and power engineer workshops; gen-
eral services facilities; dining rooms; heat installation organizations; electric
wiring organization; the organization providing heat insulation and chemical pro-
tection; the specialized subcontract construction organizations; boiler rooms with
heating networks, water supply, temporary electric power supply, air supply, gas
supply.

A detailed list of the temporary structures is defined by the table approved for
various types of nuclear power plants. As the plants and the rayon bases are de-
veloped, the dimensions of some of these facilities will be reduced.

In the construction of nuclear power plants, provision can be made for additional
transshipment bases and other facilities and structures not entering into the pre-
sented minimum list., The shops of future rayon bases, the reinforced-concrete prod-
ucts construction sites, the woodworking shops, asphalt plant, bitumen facility,
motor vehicle facility, remote boilers, housing bases, bases for remote hydroengi-
neering construction projects, and so on can be among such auxiliary facilities.

The construction base must be laid out with observation of the basic requirements
on the creation of an efficient construction master plan:

uncovered storage and assembly areas and also temporary structures must be sited
considering reduction of the length of roads and railroads and also all the service
lines; '

all of the ﬁemporary structures must be placed within the boundaries of one con-
struction base, not cutting it up territorially. The base must’be located beyond
the boundaries of the site set aside for expansion of the nuclear power plant;

the subsidiary production facilities which subsequently can be released to an inde-
pendent industrial budget are expediently placed in one area, beginning with combi~
nation of servicing, security, common power supplies, service lines, and so on.
This pertains to the concrete mix facility, the reinforced-concrete products on-
site yard, the sawmill and carpentry works, the reinforcing works, including the
manufacture of the reinforcing-form modules, the production of metal structural
components, asphalt-concrete units, and so on;
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Figure 6-1. Concrete mix facility with a capacity to 120,000 m3 of concrete and to
20,000 m3 of mortar per year. a--version 1; b--version 2; 1--BSU-60
concrete mixer; 2--inclined gallery; 3--recharging unit No 1; 4--con-
necting gallery; 5--bins for heating the fillers 14 x 21 = 294 m2; 6--
stressing station facility; 7--RSU~20 mortar mixer; 8--inclined gal-
lery; 9--recharging unit No 2; 10--connecting gallery; 1ll--filler
storage with a capacity of 12,000 m3; 12--lime-slaking division with a
capacity of 40 m3/hr; 13--division for preparation of liquid additives
for concrete; 14--4,000-ton cement storage; l5--compressor station
with a capacity of 120 m3/min; 16-~cooling tower; 17--office; 18-—
heating facility; 19--tool room; 20--construction laboratory; 2l--un-
loading trestle; 22-~receiver for one railroad car; i--axis of the

B railroad track; ii--portable charging ladle; iii--D-660 loader.
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for the construction needs it is necessary to use permanent roads and railroads,
warehouses, substations, boiler rooms, water lines, sewage networks, district heat-
ing, the electrical networks, and so on;

the location of the construction base, roads and railroads must provide for access
and servicing of the construction site independently of operations;

all of the modern buildings must be stock or collapsible. Part of the buildings
designed subsequently for use as a permanent rayon base can be built by designs for
permanent structures after the corresponding technical-economic substantiations;

the territory of the construction base and all of the roads must be provided with a
reliable sewer system for storm and flood water;

the organization of a transshipment base remote from the main construction base is
permitted only with the corresponding substantiation. The temporary structures of
the transshipment base can only be stock, for the construction of which the minimum
expenditures of means are required;

the construction master plan must provide for flow construction and installation
conditions at the nuclear power plants with minimum expenditures of labor and cost
of construction-installation operationms.

When developing the construction master plans it is necessary to be guided by the
SNiP II-A.5-70 and SNiP II-M.1-71. For various stages of the construction com- ..
plexes it is necessary to develop fragments of the construction master plan, for
example, for the zero cycle operations, the assembly operations, and so on. The
layout of the construction bases of some of the nuclear power plants is presented
in appendices 6-1 to 6-3.

Mechanization and Transportation

In the constructionr of nuclear power plants, public transportation and construction
machinery are used, that is, motor vehicle and railroad transportation. Few spe-
cific machines have been built for nuclear power plants, and this has a negative
effect on the performance of the operations. For operations on the mdin facility
and the auxiliary shops at the present time the cranes presented in Table 6-5 are
used. For the storage areas and consolidation areas, traveling cranes are used
(Table 6-6). The broad application of the reinforcing-frame modules weighing up to
15 tons has required the development of boom cranes with high-speed lift (to 40
m/sec). For the concrete operations at the nuclear power plants, foreign concrete
pumps are used with concrete-bucket manipulators. (Table 6-7) and concrete carriers
with batched unloading and stimulators.

The erection of the VVER-1000 reactor envelope required the development of 1,000-
ton jacks, machinery to wind the reinforcing strands and other machinery.
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Table 6~5. Cranes Used for the Construction of Nuclear Power Plant Building

. ) PneumaticH :
. Tower Cranes Caterpillar Cranes |Tired Truck
< ~ ~ 21 = ° Cranes Cranes
o ny R - - | o o
o ~ o |m'o n owv ]| © =]
o-] = (I I AN n i — . : 3
ok BROR Bl ! VR RUR- 1 BRUS 2l 1818118
Indices .g M 23. i =B é :%E v |ga mgg_g
(1 Maxcumansnas  rpyso- )
OA'BEMHOCTD, T .
2 focnosnom noaveMa 50 .| 75 8 10 25 50 100 | 100 | 16 %5 | 10] 16
(3) BEnOMOraTenbHoro 10 5 —_ - — — ] 2 18 —_ _— - -
non'beua -
(4>Bune‘r cTpean ocHosoro| 53 50 25 40 28 31,7 | 59,8 | 10 13,81 10 10
noabeMa, M :

& @
2
©°
g

»(S)Bucora noabeMa npx Ha-| 88,5 96 6,6 | 150
HMeHblIeM BHUIETE, M

| o1,1] 25,5 14 10 | 10,5
(G)Cxo;)om noaLeMa rpysa,

(2) ocnosnoro noavema | 10,7 | 6,4 | 22 | 40 2 |.17,3 3 | 4,44| 10 9 10 8
(3) Bcnomoratenshoro 23,261 66 —_ —_ —_ —_ 15 18 —_ — -1 -
noaeMa .
. (7)Cxopoc1't. BpalleHHs xpa- .
Ha, o6/uun 0,22 10,09 ) 06| 0,6 1,0 , 0,34 | 0,22 | 2,8 1,21,6] 1,0
( S)Cxo?octb nepeABHXEHHA, i .

10,83 | 12,2 | 18,0 0 58 | 0,28 | 0,07 0,08 | 0,07 350 | 1283 | 833
(9)Basa (xonen), u 11,540( 10,0 | 6,0 409 | 5,00 | 7.88 | 9,80 | 4,12 | 4,95 3,8 | 5,75
25 | 196,4 | 282,7 33 | 14,3 W1

(10)O6man wacca kpana, T 305 | 406 | 78 102 71 3,2 |97,

Key: 1. Maximum lift capacity, tons
2. Basic 1lift
3. Auxiliary lift
4, Basic lift boom span, m
5. Lift height for the least span, m
6. Load-lifting speed, m/min
7. Speed of rotation of the crane, rpm
8. Speed of movement, m/min
9. Base (gauge), m
10. Total weight of the crane, tons

Preparation of Production

The engineering preparation of construction is the most important element, on which,
in turn, the successful course of construction depends. Engineering preparation
must be carried out on all levels of management and by many organizations of the
power engineering construction system. The investigation of the preparation of
construction of nuclear power plants in isolation would be erroneous, for many ma-
chines, attachments, production processes, structural components, methods of con-
struction, and so on are being developed for construction as a whole, and they can
also be used for nuclear power plants. In the sphere of direct construction of nu-
clear power plants, the engineering preparation for the operations must be dealt
with by the managers, beginning with the foreman up.
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Table 6-6. Traveling Cranes for Warehouses and Equipment Assembly Areas of Nuclear
Power Plants

Indices KS-50-32 KSK-30-42A KS-30-32 KS-30-32B K2K-20
Capacity, tomns:

Main 1ift 50 30.00 30 30.0 20.0
Auxiliary 1lift 10 - 10 - -
Span, m From 42 42, 36 32 and 32.0 20.0

to 20 and 24 20
Cantilever span 15.3 and - 9.5 and _— —
14.3 10.6
Lift height, m:
Main 14,5 and 18 and 14 14.5 and 10.5 10.0
10.5 10.5
Auxiliary 16.7 and - 14 and - -
12.7 - 10
Load-lifting speed, m/min:
Main 1lift 3.2 and 1.45 2.7 and 5.8 8.9
7.8 6.5
Auxiliary 1ift 8 7.10 8 - -
Speed of movement, m/min 40 35.00 37 40.0 2.0
Table 6-7. Concrete Pumps of the Schwing Company (FRG) and the Wartington Company
(Italy)
___Schwing
Indices AVR-30 AVR-50 Wartington-74
Output capacity, m3/hr 30.00 50.00 46.00
Maximum range of delivery of the mix, m 300.00 -300.00 400.00
Maximum height of delivery of the mix, m 80.00 80,00 80.00
Maximum boom span of the concrete bucket
manipulator, m 18.50 18.50 22.50
Maximum height of delivery of the mix using W
the boom of the concrete chute manipulator, m 21.00 21.00 26.00
Angle of rotation of the manipulator boom, deg ~360.00 360.00 360.00
Overall dimensions in the transport position, m:
Length 7.60 7.60 10.78
Width 2.30 2.30 2.50
Height 3.35 3.35 4,05

The basic problems of engineering preparation are as follows:
production planning;
provision with technical forms and reports;

provision with material resources, structural components, accessories, tools and
means of mechanization and transportation;
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preparation of the construction site (removal of structures, drainage of the terri-
tory, building of roads, and so on);

provision with temporary structures and production facilities;
provision with power resources;

provision with personnel;

provision with construction monitoring and control means;
provision with quality control means,

Planning

The construction of nuclear power plants is realized on the basis of 5-year plans
approved by the directive agencies. The annual plans more precisely define the
volumes of capital investments and the construction-installation operatioms, the
times for putting the nuclear power plants into operation considering the needs of
the power engineering systems, the possibilities for construction, the readiness of
the technical reports and forms, the deliveries of the process equipment. The
plans must be compiled on the basis of the norms for the duration of comstruction,
advanced methods of operations and the achievements of the advanced construction
sites. All of the divisions of the plan are balanced., As a result, the design or-
ganizations, the supply plants, the makeup and supply agencies, clients and con-
struction-installation organizations receive their parts of the plan.

Directly at the construction site in accordance with the capital investments plan
and the construction-installation operations plan itemized lists of industrial,
housing and social-general services construction are developed annually in which
the volumes of construction, the amounts of financing by areas and the times for
putting the projects into operation are indicated.

The contract organizations receive their construction-installation operations plans
for the year with subsequent correction by quarters from the superior organiza-
tions. The plans are detailed by sections considering the itemized list and the
plans for performance of operations, and ‘they are the basis for the entire organi-
zation of operatioms.

Technical Reports and Forms

The basic technical reports and forms coming to the construction site are developed
by the design organizations and the supplier plants. The construction administra-
tion during the process of the operationms creates and accumulates its own technical
forms and reports--logs of operations, the hidden operations documents, formulas,
certificates, certificates for materials, test documents and laboratory data, work-
ing drawings, operations performance plans, and so on, part of which are classified
and are appended to the acceptance documents for putting the projects into opera-
tion.
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The design organizations develop the technical-economic substantiation for the con-
struction project, the contract design, the summary estimate, the project estimates,
the detailed drawings, and so on. In addition to the detailed drawings, the design
organizations compile lists of physical volumes of oj2rations, the order specifica-=
tions, diagrams and so on for accounting and ordering of material resources and
structural components.

Special attention is given to substantiation of the requirement for pipe, rails,

rolled metal products, cement and other short materials. The specifications and

the technical specifications for the delivery of the process equipment and cables
constitute a separate section of the design.

The organizing documents for the preparation of production are the designs for or-
ganization of construction and the operations performance plans and the basic con-
struction designs. The contract design of a nuclear power plant includes the con-
struction organization plan (POS), which, according to the Instructions for the De-
velopment of Plans for the Organization of Construction and Operations Performance
Plans SN 47-74 includes the following: the calendar construction schedule, the
construction master plan, the flowcharts for erection of the buildings, the instruc-
tions with respect to layout, accuracy, methods and procedure for construction of
the geodetic breakdown base, the 1list of volumes of operations, the charts of the
demand for structural components, construction machinery and transport means, cal-
culation of the need for personnel, housing, cultural and general services enter-—
prises, power resources, temporary structures, recommendations with respect to the
administrative structure and the composition of the executive organizations with re-
spect to the creation of safe and normal sanitary engineering conditions. For es-
pecially complicated projects, a complex, consolidated PERT chart is developed.

The POS is the basis for compiling the estimates, and it is approved as part of the
contract design. The POS must be considered an important document in the prepara-
tion of production. It is necessary to be constantly guided by it considering the
specific conditions of construction.

In addition to the POS, in the construction administration and the specialized sub-
divisions, as a result of overhead the operations performance designs are developed
(PPR). In the required cases for development of the PPR by contract it is possible
to use the corresponding institutes and organizations. The PPR for the most com-
plicated unique projects and types of operations are executed at thée expense of the

- means provided for in the summary estimate for construction of the nuclear power
plant. ’

The PPR are used as the working document, the guide for the organization and per-
formance of operations and also for operative planning and control of the construc-
tion process. The PPR include the following: a complex PERT chart with determina-
tion of the demand for resources and equipment, the construction master plan, the
schedules for arrival of structural components, materials and equipment with the
makeup lists appended, the need for personnel, the basic construction machinery,
the flowcharts for complex operations, the schematics for the placement of signs
for geodetic work, the decisions with respect to the protection of labor and safety
engineering, the reports and forms for quality control, the measures with respect
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to the organization of operations by the brigade cost-accounting method, substanti-
ation of winter operations, the calculations of the demand for power resources, the
list of temporary buildings, measures to protect operating service lines. The ba-
sic technical-economic indices characterizing the solutions adopted in the design
are presented in the PPR. The estimation of the cost benefit of the design solu-
tions of the POS and the PPR is made in accordance with the SN 47-74.

The approved PPR is issued 2 months before the beginning of operations. The POS
and the PPR are constantly corrected; with respect to individual sections they are
newly developed, and together with the detailed drawings provide the basis for the
following: substantiation of the intrasite itemized lists, the development of an-
nual, quarterly, monthly and other plans by subdivisions of the construction site;
the development of requests for all the material resources; the development of
lists for makeup of the structural components, materials, and equipment; the engi~-
neering preparation of the construction projects; coordination of the operations of
all of the conmstruction subdivisions; operative management and control of the
course of the operations; for other operations required during construction.

Makeup of Material Resources

In contrast to the mass power engineering projects, for the comstruction of which
the resources are allocated by the average norms per million rubles of volume of
construction-installation operations, for the construction of nuclear power plants
the material resources are allocated by the actual requirement established by the
detailed drawings. This system is called allocation by the physical volumes of op-
erations. With time, when repeated types of nuclear power plants are defined, the
conversion of these construction projects also to provision by norms per million
rubles of construction-installation operations or other more advanced norms is not
excluded. TFor the estimate calculations and for the design of the storage facility
it is possible to adopt an approximate requirement per million rubles of construc-
tion-installation operations of nuclear power plants for metal rolled products
1,057,000 tons, cement 1,975,000 toms.

The material and technical supply of the construction-installation operations is
the most important and one of the difficult problems in the organization of the
construction of nuclear power plants. The system for making out the scheduling or-
ders, sale, storage and makeup of the material resources requires an engineering
base and the required technical means. Accordingly, new advanced forms of supply,
makeup and partial preparation of intermediate products have appeared. The UPTK
(production engineering makeup control) system has been introduced, the goal of
which is provision of the construction-installation operations with all necessary
materials, billets, structural components, and so on strictly by the construction
schedules. .

Makeup of the Structural Components

Prefabricated reinforced concrete, metal structural components and other structural
elements are made at the enterprises of the building industry to which the corre-
sponding construction administrative agencies transfer the cement and metal re-

quired for this and also at the rayon bases and in the workshops of the construc-
tion organizations. The number of types and sizes of structural components for
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nuclear power plants is still very large. At the first nuclear power plant it
reached up to 2,000 annually for one electric power plant. This greatly compli-
cates the production of the structural components and complicates their makeup.
One of the important goals of improving the designs of nuclear power plants is
standardization of the structural components. The schedules for the manufacture
and delivery of the structural components must be matched with the construction
schedules, and the schedules must be coordinated on the basis of the PPR.

Incomplete delivery leads to the accumulation of excessive reserves of structural
components at the construction sites, it complicates the financial picture, and it
disrupts the construction schedule. The system for delivery of structural compo-
nents in sets justifies itself. Work is being done on improvement of this system.

Makeup of Construction Materials and Repairs

Provision with the required machinery offers the possibility of the performance of
large physical volumes of work when building nuclear power plants. The demand
for machinery is determined reckoning per million rubles of construction-installa-~
tion operations by the procedure of USSR Gosstroy.*

The annual demand is not fully met; therefore it is very important to maintain the
existing fleet of machines in a good state of repair. First of all it is necessary
to introduce advanced forms of technical servicing and minor repairs. The cen-
tralized technical maintenance service provides technical servicing of the machines
at the locations where they are working by means of specialized brigades with a mo-
bile workshop. The most advanced method of repair is the unit-subassembly method.
One version of it is the method of periodic replacement of repairable sets (PZRK)
used in power engineering construction. It is necessary simultaneously to improve
the use of the machinery. The operation of the machinery is organized by two-three-
shift schedules. Special attention must be given to the preparation of the work
front of the large machines and reduction of the intrashift idle time.

Training of Personnel

For the construction of nuclear power plants, just as for all power engineering
construction, 30,000-35,000 young workers are trained annually at the professional-
technical schools. The network of schools is being constantly expanded. A network
of training stations is being widely developed directly at the construction sites
where up to 80,000 workers are trained annually, and 140,000 people receive ad-
vanced training. For the construction of nuclear power plants where the perfor-
mance of operations by complexes is the most effective, the organization of sys-
tematic training of the workers in several adjacent occupations is very important
for the mass occupations brigades (concrete and finishing work). The brigade hav-
ing workers that have skills in reinforcing work, welding, metal cutting, experi-
ence in the simplest electric wiring work in addition to the specialty of concrete
workers will achieve high labor productivity indices because the hidden idle time
which amounts to about 8-10 percent of the work time and the intrashift reported

* Shafranskiy, V. N., "Opredeleniye potrebnosti v stroitel‘'nykh mashinakh" [Deter-
mination of the Demand for Construction Machinery], Moscow, Stroyizdat, 1969.
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- idle time which accounts for about 10 percent of the work time are reduced. The
productivity of labor of the complex brigades of this type is 20~30 percent higher
than that of the ordinary narrowly specialized brigades.

In the system for advanced training of engineering and technical workers, the col-
lective study of the designs, construction methods, the search for optimal solu-
tions with respect to all the narrow problems of organization, technology and qual-
ity control of construction has great significance. Advanced training of the engi-
neering and technical workers with respect to narrow professional problems is being
organized in special courses, and the retraining of the management personnel is or-
ganized at the Advanced Training Institute,

Organization of Operations

The concentration of forces is the basic principle of organization of operatioms.
The organization of operations is a set of measures with respect to the training,
the support, coordination, monitoring and direction of the collectives providing
for the continuous process of construction-installation work with high technical-
economic indices in order to put the projects into operation at the established
time. Here it is necessary to be constantly guided by the uniquely correct princi-
ple of organization of construction--not to permit scattering of forces, to concen-
trate all the construction forces on the most limited number of projects, creating
a flow in them, completing them without relaxing the rates and only then, being
guided by this principle, to begin the construction of subsequent projects.

The different comstruction phases have their own specific problems, but it is neces-
sary to consider the concentration of the efforts on the projects which are the
main ones in the given phase as the founding principle of the organization of oper-
ations.

Phases in the Cohstrugtion of Nuclear Power Plants:

The first phase is before beginning construction. Organizational-technical meas-
ures are taken in preparation for operations. The administration of the nuclear
power plant under comstruction is organized, an operative group is created which is
headed by the general contractor for preparation of construction, soil is removed,
the geodetic grid is plotted, and the structures are staked out, the reports and
forms are prepared, including opening of the project; the subcontracting organiza-
tions and the procedures for settlement of them are determined, housing is leased,
orders, contracts, and so on are prepared; the second phase is the preparatory pe-
riod--off-site operations are performed with respect to the building of external
roads, electric power transmission lines, service lines, the transshipment base,
and so on and also the intrasite operations such as clearing trees, drainage of the
area, the building of roads, and so on in the volume defined by the construction
organization plan, including the construction of pioneer (initial) housing; the
third phase is made up of the preparatory operations for basic comstruction, com-
pletion of the planning and construction of roads, the construction of temporary
structures at the construction base, housing, and so on; the fourth phase is made
up of the basic construction-installation operations with respect to the complex to
be started up (the volume of operatioms, the performance of which is necessary for
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putting each power unit into operation); the fifth phase is made up of the final
operations, including the projects not entering into the complex to be started up,
preparation of the nuclear power plant for acceptance by the state committee.

The main goal of the preparatory period is preparation of the conditions for fast
buildup of the rates of construction, beginning with the first year. In order to
solve this problem, it is necessary in a short period of time to put the large-
scale forces of the specialized construction and installation organizations into
operation and build roads and railroads to the construction site and the worker
settlement, the electric power transmission lines and the step~down substations di-
rectly next to the industrial site and the settlement, the pioneer settlements made
up of stock houses with amenities, insulation, water lines and sewage. The con-
struction of a permanent settlement is started in order to resettle the builders in
it and, above all, the dormitories, dining rooms, stores and other culturzl and
general services enterprises are put into operation. Heating, sewage, wacer lines,
electric power for the projects put into operation--all must be provided by perma-
nent systems, concentrating efforts on the construction of permanent purification
structures and sources of heat. Stock purification structures and, insofar as pos-
sible, electric boiler rooms can be used temporarily in place of them. For the
performance of the operations in the preparatory period, first of all the stock
warehouses, dining room, concrete mix facility are built, and the electric power
and water supplies are provided.

Table 6-8. Norms for the Construction Times of Nuclear Power Plants (without con-
sidering the extrasite preparatory period)

Project
Nuclear Power Nuclear Power
Plant With RBMK- Plant With VVER-
1000 Reactor 1000 Reactor
Characteristics of the nuclear power plant:
Power, MW 2,000 2,000
Turbounit
Power, MW 500 .. 1,000
Number 4 2
Reactor ’
Power, MW 1,000 , - 1,000
Number 2 = 2
Construction time norms, months: s o :
Total¥* 75/60 72/60
Including:
Preparatory period 8 8
Equipment transfer for installation®#* 19-65 18-63
Equipment installation time¥*%* 54/20-73 52/19-70
Distribution of capital investments and cost '
of the construction-installation operations
by calendar years of construction, % of the
estimated project cost:¥*#**
I 3/7 2/4
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Project

Nuclear Power
Plant With VVER-
1000 Reactor

Nuclear Power
Plant With RBMK~
1000 Reactor

11 10/14 8/14
111 20/18 16/22
v 23/20 26/24
\ 23/20 32/24
Vi 18/16 16/12
VII 3/5 -
* In the numerator we have the construction time before putting the electric

power plant into full operation, in the denominator, before starting up the first

power unit.

*% Order months of the beginning and end of the transfer of the equipment for

installation.
Kkk

In the numerator is the total equipment installation time, and in the denomi-

nator, the order months of the beginning and end of installation of the equipment.

kkdek

In the numerator is the distribution of capital investments, and in the de-

nominator, the cost of the construction-installation operations.

- As practice shows, the total construction time for electric power plants exceeds the nor-
mative most frequently as a result of the extended preparatory period and delayed

construction of housing.

In the phase of preparation for basic construction the primary goal is creation of

the construction base.

It is important to organize the construction of the base by

the flow system, completely providing for the zero cycle first, then the above-

ground structures.

In the phase of performing the primary operations, the basic, most complex is the

construction of the main facility.

From the beginning of performance of the basic

operations at the industrial site, it becomes the central object of construction.

The choice of the main objects in each phase and the sequence of construction are

defined in the PPR.

When erecting complex objects we are guided by the PERT chart,

on the critical path of which operations determining the time the project is to be

put into operation will be found.

The consolidated PERT charts for building nu-

clear power plants with VVER-1000 and RBMK-1000 reactors are presented in appen-

dices 6-4 and 6-5.

High-speed construction of nuclear power plants requires concentration of re-

sources by years.

In accordance with the construction time norms (Table 6-8) it

is recommended that the volumes of construction and installation operations be dis-

tributed by years.

The duration of the extrasite preparatory period is not stipu-

lated by the norms for nuclear power plants, but by anmalogy with thermal electric
pover plants of the same power it is possible to take this period as equal to 12-15
months for nuclear power plants of both types.
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All-around mechanization in the construction of thermal and nuclear power plants
has at the present time reached a very high level, %:

Earthwork 99,2
Loading and unloading operations:
Fillers for the concrete 98.9
Metal, scaffolding, structural components 99.2
Pouring the concrete 99.0
Plaster work 71.8
Laying roads 90.8

In spite of the high indices of all-around mechanization, about half of the workers
do their work manually. In concrete work 45 percent of the workers do manual la-
bor, in the installation of structural components, 12 percent, in earthwork 10 per-
cent work by hand, in plaster work, 55 percent are manual laborers, in painting, 68

- percent. The production in physical volumes by manual and mechanized labor per
worker per year on the average when constructing nuclear power plants and thermal
electric power plants is characterized by the data in Table 6-9.

As a result of mechanization, an increase in productivity of labor by 9.3 percent
is planned in 1975-1980. Improvement of the level of mechanization is ensured by
two paths:

improvement of the use of the fleet of construction machines and machinery, reduc-
tion of the intrashift idle time which at the present time is 23 percent of the
work time by improving the organization of construction and labor and improving the
.operation, maintenance and repair of the machinery;

introduction of new machinery for building nuclear power plants and, above all, for
transporting and pouring the concrete, finishing and loading-unloading operations.

Table 6-9. Annual Output in Physical Volumes Per Worker (1975)

Annual Output
Mechanized Manual

Types of Operations Average Work Labor
Earthwork, thousands of m3 18.900 20.900 1.000
Installation of structural components, thousands
_ of tons 0.331 0.378 0.005
Concrete, thousands of m3 0.140 0.252 0.005
Plaster, thousands of m2 1.279 2.087 0.612
b Painting, thousands of m? 3,035 7.548 0.888

The development of prefabricated construction and the improvement of the degree of
plant completion of the products are needed for performance of the maximum possible
- volume of operations at the plants or bases and, as a consequence, to decrease the
- operations in construction., This promotes an improvement in quality and accelera-
tion of construction, and reduction of labor expenditures. The optimal level of
prefabrication is determined considering the economic indices.
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The degree of prefabrication is reckoned in percentages, and it is the proportion
of modules or structural components ready for installation coming to the construc-
tion site in the total volume of the structural component of the same type in a
given structure.

The degree of prefabrication of the structural components of modern Soviet nuclear
power plants is according to the estimate of the design institutes 36 percent for

- nuclear power plants with RBMK-1000 reactors and 26 percent with VVER-1000 reac-
tors. The degree of prefabrication of the process equipment of the nuclear power
plants is also low and is approximately estimated at 20 percent.

In the assembly areas at the construction sites, the structural components arriving
from the plants are assembled into large modules which are installed on the site.
The organization of the assembly areas and transportation of the modules are impor-
tant elements of the organization of operations.

Along with improving the level of prefabrication of the structural elements at the
present time a greater and greater effect is being achieved from the application of
new materials and advanced structural components (in particular, made of polymers).
As a result of improving the level of prefabrication, the application of efficient
materials and structural components in the 1975-1980 period, an increase in the
productivity of labor at the construction sites of the thermal electric power
plants and nuclear power plants by 6.2 percent is planned. In order to ensure this
growth, the power of the enterprises of the construction industry is constantly be-
ing built up.

Specialization is an important area of improvement of the organization of construc-
tion. Specially assigned associations and main administrations deal with the prob-
lems of building nuclear power plants and thermal electric power plants in the USSR
Ministry of Power Engineering. The level of specialization with respect to types
of construction operations at the nuclear power plants and thermal electric power
plants is 75 percent for earthwork, 35 percent for the installation of concrete and
reinforced-concrete structural components, 42 percent for the installation of metal
structural components, 16 percent plastering operations and 14 percent painting.
The productivity of labor in the specialized subdivisions is appreciably higher
than in the general construction subdivisions (Table 6-10). According to the aver-
age data for the entire branch, the productivity of labor in the specialized orga-
3 nizations is 10 percent higher than in the general construction organizations.

Table 6-10. Annual Output in Physical Volumes Per Worker in the Specialized and
General Construction Podrazdeleniye

Annual Output Per Worker

In General
In Specialized Construction
Types of Operatioms Subdivisions Subdivisions
Earthwork, thousands of m3:
In the trusts:
Uralenergostroy 15.600 4,100
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Table 6-10 (continued)

Annual Output Per Worker

In General
In Specialized Construction
Types of Operations Subdivisions Subdivisions
Sevenergostroy 22,600 7.000
Yuzhenergostroy 33.700 15.000
Plastering, thousands of m2, in the trust
Uralenergostroy 2,200 0.990
Painting, thousands of m2, in the trust
Uralenergostroy 3.050 2.050

The organization of specialized subdivisions is most effective for broad applica-
tion of complex brigades on contract. Brigades of this type, performing the opti-
mal set of interrelated operations by contract are materially interested in the
quality and the times of their execution, economy of labor, materials and machine
shifts of the machinery. The productivity of labor of them is 30-40 percent higher
than the narrowly specialized brigades performing individual types of operations.

For nuclear power plants specialized subdivisions with respect to complexes of con-
crete and finishing operations are especially efficient.

Flow construction is at the present time the most advanced form of the organization
of construction. The flow arrangement permits the most efficient use of the capac-
ities of the construction organizations and the production enterprises, it ensures
improvement of the quality indices of construction. The area of application of the
flow method in nuclear power plant construction is broad: using this method it is
possible to organize the performance of individual construction and installation
processes and the erection of individual buildings. However, its application is
the most effective in building a set of facilities at a nuclear power plant, which
permits organization of the flows to build entire groups of nuclear power plants on
this principle, that is, long-term flows.

The essence of the flow method consists in breaking down the entire process of
erecting the facility or installing a unit into individual, technologically related
phases, continuity of the transition from one production phase to another, and a
common mode of constant loading of the workers and the machines.

The performance of each phase of the process is handed over to an individual bri-
gade or team. The entire operations front is divided into several sections
(swaths). The brigades or teams, retaining a constant composition, are moved along
the work front, from one swath to the next. The first brigade performs the initial
(first) phase with respect to the process sequence all the time, the last brigade
completes the operations on each swath, Thus, the work is done simultaneously on
several swaths; on each swath it is in a different degree of completion (coordi-
nated in time and divided by swaths).
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The process of erecting the facility can be divided into phases either with respect
to individual forms of operations (narrow specialization) or with respect to com-
plexes of operations. The complete breakdown of the process of erecting the build-
ing into narrowly specialized operations--carpentry, reinforcing, forms, concrete,
and so on--gives rise to organizational difficulties and is connected with time
losses. Usually we do mot try to make a too detailed breakdown of operations, and
groups of workers are assigned the performance of complex processes.

Many years of experience of the construction-installation organizations of various
branches have shown that with flow organization it is necessary to ensure proper
intercoordination of the operations of successive flows and, simultaneously, maxi-
mum coordination of individual construction processes and also general construction
operations with the performance of special operations and the installation of the
process equipment. The idea of combining operations frequently is mixed with the
superposition in time and space in which the performance of certain operations in-
terferes with others. Combination presupposes intelligent intercoordination of op-
erations in which, coinciding in time, they are either divided up territorially or
they can be conducted without losses jointly in one facility.

The flow parameters are related to each other by the following function:
T =T; + ([N/P] - l)tstep’ (6-1)

where T is the total duration of operations by the flow as a whole; T; is the total
duration of performance of the flow of all operations in a section (swath, facil-

- ity) by the brigades; N is the number of swaths (sections, facilities), Tstep is
the flow step; P is the number of parallel flows.

If the operations are performed by one flow (P = 1), then in this case formula
(6-1) assumes the form

T =T, + (N - Ltgtep-
If we consider that frequently

Ty = ntgteps

where n is the total number of successively performed processes in the flow or the
number of brigades working successively in the flow, respectively, then

T = ntstep + (N - l)tstep = (Tl + N - 1)tstep. (6-2)

Expression (6-2) demonstrates the dependence of the total duration of the opera-
tions on the flow step, that is, for equality of the flow step and the work rhythm
of the brigades the power of the brigades has decisive influence on the operaticns

- duration. Therefore in flow construction primary attention is given to the forming
and training of the brigades.

The number of successively working brigades n depends on the number of specialties
which the brigade masters: the broader the complex of operations entrusted to the
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brigade, the fewer successively performed processes required, that is, successively
operating brigades. Increasing the number of successively working brigades compli-
cates control and leads to lengthening of the overall construction times.

The number of swaths N depends to a significant degree on the space planning and
structural solutions of the erected buildings., The natural boundary of the swaths
in multistory buildings is the floors. Each floor, if the work front is large, in
turn, can be divided into a defined number of swaths. Increasing the number of
swaths implies lengthening of the construction times.

The influence of the number of swaths and the number of successively performed pro-
cesses (or successively working brigades) on the overall duration of operations
along the flow can also be traced by isolation of the time required for the process
and organizational breaks from the total duration T;. In this case expression
(6-2) assumes the form:

T=(mn+N-1)tstep + Iz,

where Iz is the total required time for the process and organizational breaks.

Key to Figure 6-2:

1. Installation of the bridge crane
2. Powering up and testing the crane
3. 1Installation of the basic equipment of the reactor section
4, Machine run
5. Specialized service building
6. Installation of auxiliary equipment
B 7. Reinforcing of the cylindrical part to the 18.7-m level
8. Structural components of the reactor section to the 11.8-m level
9. Installation of pit equipment
10. Off-site preparation period
11. 1Intrasite preparation period
- 12. Structural components to the .., level
13. Cylindrical part of the envelope
B 14. Construction of the dome, phase ...
15. Completion of construction operations

16. Envelope cornice
17. 1Installation
18. Thermal insulation of circuit I
19. Adjustment No 1
20. Complex of module I .
21. Hot test run, inspection, adjustment operatiomns
22. Power unit ...
- 23, Startup and adjustment operations
24, Inspection of circuit 1
25. Stressed reinforcing of the envelope and dome
26. Auxiliary equipment
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Figure 6-2. Consolidated PERT model of flow construction of the reactor sections

154

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2

FOR OFFICIAL USE ONLY

Years . ‘ ¥
5 [ 7 . [ g .
lIIIIII IHIIIHI_IILLJ_lIlllIl‘I INANENENENEE AR
%) H— ‘
,fmm SN .
I:mm:' /Smm)mma (20) . ’ ' .
. \ faprvar odeames petuses, (21) , . I
- \ .
(| ‘ .
S 1\ i {wepsoleex (22) . . :
- . - — —— =y . °
10l 20 qa &0 fNycxd-mancdowwsn (23) :
s 25! m' :[ plalmru
damvm E 4)
« xymosa |
TR
& -
’ i i
] : : " Janumra u ucrwmanue
26 / noava
& Imemsnaag/ obopydolamm Ao
-y ' \ mxmm%
‘m’:'a::t | / \ .l lm
. i "o T '
padam Nz |
w7 | ¢ /
’ ITYoM , . . .
YIS BN |ryrwmlman ohmuarynﬁ__.__,
|/’:”1 - :ﬂ‘[ Ira 30 | . . . - ‘ .
:l'umr.u /lyml.man I : o ‘ : ’ .
lpuamypa yumumdpuvecxod va " Mowmase socmotoes spana . ' o ’ v
100 ammemxu 187u i . ) * . .
- \ haymnmlle 1 I e mm:m !
: \
| l eamensyoes | otony ' * Sayted
L T . \ V Kad (ol
/1 Mo L |} — N\ T rvepesdeon
i \wazm 30 110 "0 72 2y SR ahniniaiaing N
I 1 ST ;f oL . T
J - | l.l l’/IT padormr X !
120} 40 ;V.r,v, ol 1V Two | 2 aguamyos -1
| Yunumdpyveluan vacrm /b § N\ rymona Xaman ob LY
Wanoweu| 12,0 P J,D]( 30 60 {r,aa,a
" ?mmm:l,l'u odalmn: py}v:lrmajm;n ! I
| ) ‘l Cmpoumensnme xovempyrydu
L/ I (2 |
Wff'g:m;r%;;‘:ad mlﬂm ommemn 20,04 | / e / "mm Mommame acxodworr obaoydodanun
| | _deny wo: 0y / \peaxmapworo omdenenun
: : : mm,, i/ N I wvepauidnon rg
! A ur 1, — — s o o
cmoainemsie ” 1/ 30 V10 50 na TR T .
) peanmapnose omdenenun | 30 | 1, iz t
{  do ommemru 1780 { - N patom o
10,0 T w0 A0 50 140 | vempodemdo  # myost |
Yumundp, an vacms / i \ 'tyﬂamlma/r mnmtunywm J
. - w150 50" 30\ | &0 w0 -
L Cnpgurmenswers| xonempynyuu Kapnud Yempodemdo
0z omaernu 38,1 m oborovxu  xynona I ymarm
-~

of nuclear power plants with four-VVER-IOOO reactors.
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With an increase in the number of swaths and also the successively working brigades,
the time losses on organizational and process breaks will increase [61]. The orga-
nization of the operations by complexes always accelerates construction, for there
are fewer of the indicated losses.

When erecting the facilities by the flow method, as has been pointed out, it is
necessary to organize several independent specialized flows that are coordinated
with each other. Usually each specialized flow is performed by the forces of a
special construction or construction-installation administration or section. The
swaths in the building can be common for all specialized flows, but cases are pos-

- sible where the building is broken down into a different number of swaths for each
specialized flow.

Inasmuch as the organization of the flows presupposes the working of the brigades
with constant composition and equipment, the flow can be created only at the build-
ing or structures with uniform structural components. ~If the complex includes var-
ious buildings that are different with respect to structural design, then for orga-
nization of flow construction they are grouped by the attribute of uniformity of
structural components, and an independent flow is organized for the construction of
each such group.

The recurrence rate of the operations for each given brigade creates the conditions
of specialization, improvement of technology, growth of mastery of the workers, ac-
cumulation of experience and improvement of the accessories and tools. This is one
of the most important features of flow construction emsuring technical progress,
improvement of quality and improvement of the economic indices of construction.

The long-term flow is one of the methods of improving the organization of opera-
tions. The program for introducing 13-15 million kilowatts of power at the nuclear
power plants in the 10th Five-Year Plan with intermediate work for significant in-
crease in the introduction in the next 1llth Five-Year Plan creates the prerequi-
sites for organization of long-term nuclear power plant construction flows. The
construction of groups of like electric power plants can be combined into flows.
For each flow it is necessary to ensure the following conditions: the flow in-~
cludes relatively closely located nuclear power plants; the plans for the nuclear
power plants are alike; the process of erecting the plant is unified; the total
volume of comstruction-installation operations of the flow must correspond to the
capacity of one general contracting construction administration (trust); the opera-
tions are performed by the subdivisions specialized in the complexes of operations;
provision of the construction sites with structural components is realized from the
enterprises of the construction industry and the rayon bases; the UPTK system is
organized; the coordinating control center for all flows is created; operative-

- dispatch centers are created in each general contracting construction administra-
tion (trust).

The groups of nuclear power plants making up the construction flows can be planned
on the basis of the overall schedule for introduction of nuclear power plants in
the distant future (for 15 years), which will be developed beginning with the de-
mands of the power system and expected delivery of basic process equipment. The
types of nuclear power plants and the regions of their construction which are con-
sidered when compiling the flows are reflected in this chart.
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Inasmuch as the reactor section has the most complicated structure determining the
construction time, the flowchart is developed for it. An example consolidated PERT
model of flow construction of the reactor sections of four power units with VVER-
1000 is presented in Figure 6-2. PERT models are developed also for the remaining
projects. The primary construction flows by parts, structures, as is obvious from
the presented PERT model, are formed from the conditions of uniform loading of the
subdivisions over the construction time of all four power units, rhythmic introduc-
tion of capacity with a step size of 12 months and observation of the comstruction
time norms by periods (Table 6-11). The base of the flow in the given case is the
primary subdivision specialized with respect to complexes of concrete operations--
four partial flows of the reactor sections and a fifth partial flow of. the special-
ized service building. In building the same structures within the boundaries de-
fined by the PERT model the subdivisions encompassing each special flow having its
own means of mechanization and equipment can be sections administratively. The an-
nual volume of operations of the five sections (five partial flows), as the calcu-
lations show, is about 12 million rubles, which is sufficient for one construction-
installation administration specialized in performing the set of concrete opera—
tions of the special structures of the nuclear power plant,

Table 6-11. Duration of Construction of One Power Unit of the Nuclear Power Plant,

Month
Indices VVER-1000 RBMK-1000
Total duration of construction considering the off-site 72 72
preparation period:
Including:
Off-site preparation period#* 12 12
From the beginning of intrasite preparation period
to the introduction of the first power unit 60 60
Of them:
Duration of the intrasite preparation period ; 8 8
Power unit introduction step 12 15

* The duration of the off-site preparation period of 12 months is taken by analogy
with the construction of 1,800-MW thermal electric power plants. K

Table 6-12. Approximate Specific Physical Volumes Per Million Rubles of Cost of
Construction and Installation Operations

Types of Operatiomns VVER-1000 RBMK-1000

Monolithic concrete and reinforced concrete, thousands

of m3 1.65 1.80
Prefabricated reinforced concrete, thousands of m3 0.44 1.23
Reinforcing with fittings, thousands of tons 0.20 0.24
Steel structural components, thousands of tons 0.11 0.17

Note: For calculations of the volumes of operations of nuclear power plants under
construction it is necessary to use the design data.

157
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2

FOR OFFICIAL USE ONLY

Tposurt| Cmoi-
s wouc| Mcrs
Designation Yom" unn.,;@‘.

i L i 1) (2)
uclear power
lplant Mo 1 6000 | 672

liroea crpouressusie pasoris,mumpy6)] (6)

uclear power r
6000 67
lant No 2. 2

20 CTPOUTEALHIE PROOTS, MAH. YO,

Hrozo cTpouressisie »
padors ;’5 na/mm(; N man.pybK8) -

(3) PacnpeBensuus CHP no 2ofsM, cmpoumemcmée : J”Z]
! 2 J 4 5 [ 7 8 g 10 n 12 13 % 5 M;m
)

B)) \
i lo 5000
lonTaNc ocHoBNOZO TENAOM, Y8, doBanug F '

jﬂ 201 | [8.0]] |05 ] 1744 [ 7% ] | (P4 1 IS, 37 '
; \ |

g =" : 5000 |
- l s
| T 1:1 mg !

20] | lao 1 [ T T IS8T [ 301 T I

20 |80 | w5 |me | ny|me | us | mo| w5 e |1y [ne |85 |30 ] -

Figure 6-3. Chart of specialized construction flows of the reactor sections of a
group of nuclear power plants with VVER-1000 reactors.

Key: Design capacity, MW

Cost of construction and installation operations, millions of rubles

Distribution of comstruction and installation operations by years of con-

struction ,

Introduction after 15 years, MW
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Total construction operations, millions of rubles

Total construction operations by the flow
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The construction of the reactor sections of a group of nuclear power plants can be
combined into one flow (Figure 6~3). Analogous developments are made for all of the
nuclear power plant facilities. For creation of a summary construction schedule
for an individual nuclear power plant based on the PERT models of the reactor
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sections and other facilities and also the summary estimate, the cost of the con-
struction-installation operations is distributed with respect to basic types of op-
erations—-construction, heat installation and electric wiring, and the number of
workers is reckoned by years based on the volumes of the corresponding operations
and the planned annual output per worker. The results of the calculation are pre-
sented in the chart.

Approximate data on the specific volumes of construction and installation opera-.
tions per million rubles of estimated cost presented in Table 6-17 can be used for
course design.

The summary chart of the flow construction of a group of nuclear power plants is
compiled on the basis of the summary charts for the comstruction of individual nu-
clear power plants. The construction flow of a group of nuclear power plants is
not specialized, having no ties to the parallel flow of other groups of nuclear
power plants. The flows of all groups are related to each other by the operation
of the enterprises delivering the equipment, the structural components, materials
and also the operation of the basic subcontracting organizations for heat installa-
tion and electric wiring, insulation, and so on. Under flow conditions each of
these organizations works by its own schedule which is coordinated with the build-
ers. The mutual correction of the flowcharts of the groups of nuclear power plants
offers the possibility of obtaining a summary chart of rhythmic introduction of ca-
pacity with respect to the entire ministry with maximum approach to the require-
ments of the power systems. The data from the summary chart can be used when de-
veloping plans for capital investments, deliveries of equipment, resources and the
organization of construction.

Operative Methods of Organizing Construction Production

The basic goal of operative administration is ensurance of rhythmic operation of
all the construction subdivisions so that each will fulfill the planned indices and
will deliver the operations front on schedule to the next subdivisions, ensuring
that the facilities will be put into operation at the established times with high
quality.

For the fulfillment of this goal the attention of the nuclear power plant construc-
tion management at all levels is concentrated on the following basic problems:

detailed development of the plans, the PPR and the charts in order to determine the
assignments and also the measures with respect to ensuring completion of them for
the year, quarter, month, 10-day period, week, day for each subdivision and deliv-
ery of them to the executive agents;

ensurance of the capacity of the subdivisions required by the plan. Training of
personnel and manning the subdivisions with workers in the required specialties and
engineering and technical workers, supplying the machinery, inventory, tools, trans-
port means, and so onj;

preparation and support of the operations front and the workplaces, constant coor-

dination and control of the work of adjacent organizations, intensification of lag-
ging operations in order to accelerate the preparation of the operations front,
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implementation of measures for engineering preparation of subsequent operations,
safety engineering and industrial sanitation conditions;

support of the operations with materials, structural components, products, and so
on, timely delivery of them to the central warehouses and makeup units, organiza-
tion of subsidiary enterprises and facilities and bringing their capacity up to
that required by the POS and the PPR calculations, organization of the centralized
system of delivery of materials, structural components and products to the con-
struction projects by hourly schedules monitored by the dispatch service;

the constant monitoring of fulfillment of the plans, meeting the schedules, the as-
signments by all subdivisions and taking the required measures to see that they are
fulfilled, organization of a service for monitoring the fulfillment of the assign-

ments, quality control, permanent personal control of the course of the operations,
the performance of operative checks, the holding of technical and production meet-

ings;

- everyday work with the collectives, organization of socialist competition, intro~
duction of advanced methods of organization of operations and labor, incentives for
fulfillment of the plans, assignments and high quality of operations, mobilization
of the collectives for fulfillment of the goals by each construction subdivision.
The basic work with respect to operative management and support of construction is
performed by the engineering and technical personnel and the brigade leaders. The
use of the engineering and technical personnel and brigade leaders as direct orga-
nizers, the technical leaders of conmstruction production and educators of the col-
lectives is a sign of proper organization of production. Such organization is
achieved on strict fulfillment of functional obligations and operations deadlines
by each construction subdivision.

The limits of the operations and the functional obligations of the subdivisions are
defined by the structure of the construction organization. In the construction of
nuclear power plants the structure varies as the volumes of operations grow, as the
material base develops and the subdivisions become specialized. At the present
- time the administrations for the construction of large nuclear power plants have
‘ subdivisions provisionally divided into three groups:

the construction administrations or construction operations sections, the base for
which is the worker collectives;

subsidiary enterprises, transport subdivisions, the chief mechanical engineers and
power engineers sections, and so on with the working collectives;

functional sections--planning, production engineering, personnel, labor and wages,
quality inspections, bookkeeping, equipment divisioms, supply, dispatch, labora-
tories, and so on not having workers or with an insignificant number of workers.

The construction administration coordinates the work of the subdivisions subordinate
to it and also all of the subdivisions of the subcontracting organizatioms.
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Clear-cut delimitation of the operations, functional obligations of all of the sub-
divisions is a necessary condition of the successful organization of construction
production. It is possible to achieve the greatest clarity of delimitation of the
construction operations when the structure provides for the performance of a set of
concrete and a set of finishing operations by specialized subdivisions. Thus, when
building the Kola Nuclear Power Plant, all of the concrete operations were performed
by an individual construction administration; when building the Kurskaya Nuclear |
Power Plant, the entire set of finishing operations was performed by the comstruc-
tion administration of finishing operations.

The operative control of construction under the operating conditions of specialized
subdivisions by complexes of concrete and finishing operations is facilitated, the
organization of the operations and their quality are improved along with all of the
technical-economic indices. The performance of the operations by complexes creates
all the conditions for flow-phase technology; the number of unfinished operations
and labor expenditures are reduced.

Systematic monitoring of the fulfillment of the assignments and the charts on the
part of the construction administration is achieved by the organization of opera-
tive accounting, checking at the operative meetings and personal monitoring. Oper-
ative accounting is carried out by the dispatch service or the PERT planning ser-
vice. At large construction sites operative monitoring, including the monitoring
of the daily assignments with respect to types of operations is carried out using

a computer by the automated control system programs. The monitoring data are used
at the operative meetings.

The monitoring of the course of operations at the nuclear power plants is a very
complex problem. The organization of the operatioms by the flow-phase process
charts and also the performance of them by specialized subdivisions facilitate mon-
itoring inasmuch as the operations performed by one subdivision are coordinated and
monitored by this subdivision. Here the greater the material possibilities in the
given subdivision, the more operatively the production problems are solved aund the
more successfully the operations are performed. The brigade leader, foreman, super-
intendent, section chief and construction administration on their own levels moni-
tor the course of operations with the degree of detail required for the given level.
Thus, if the brigade leader is interested in the performance of assignments by a
worker on time by operations, then it is sufficient for the construction administra-
tion chief to know the fulfillment of the daily or weekly chart in physical volumes
of finished production (for example, cubic meters of concrete poured), the fulfill-
ment of the chart for the acceptance of the subassemblies of the facility of an
adjacent organization (for example, the number of facilities accepted for finish-
ing), and so on.

Timely organization of operations, construction control, monitoring of the course
of the operations require constant work with PERT models. In the necessary cases
the PERT models are corrected, reworked, worked out in more detail by fragments in
order to ensure performance of the operations in the given time.

An important role in the organization of construction production is played by the
formation and the work with the complex brigades by contract agreement, A contract
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brigade is obligated to perform a set of operations by a specified time with de-
fined technical-economic indices; the contract administration is obligated to sup-
port the brigade with all that is necessary and provide it with incentives. Under
the conditions of nuclear power plant construction, as a result of shortages of
technical documentation, makeup of products and for other reasonms, difficulties
arise when organizing the contract brigades. A study of the causes holding back
the introduction of the system of contract agreements on a mass scale, surmounting
difficulties that arise when organizing the contract brigades as a highly efficient
form of attracting workers to the construction administration is an urgent problem
of organizing construction production at the nuclear power plants.

In addition to the brigade contract, other methods of involving workers in the con-
struction administration, improvement of the activity of the industrial workers and
the engineering and technical workers are used. Broad participation of the collec-
tives in socialist competition, collective agreements, production meetings, the de-
velopment of efficiency expert work, the introduction of advanced methods of orga-
nization of labor, technical losses and other means of developing initiative and
involving industrial workers and engineering and technical workers in public life
promote improvement of the organization of construction production.

The organization of construction production, the monitoring of the operations are
realized not only by the personnel directly involved in the given construction
project. The comstruction site is accountable to superior organizations with re-
spect to the important positions on the PERT models, the fulfillment of the plan

and financial activities. The problems which cannot be solved by the forces of the
construction site are transferred to the superior organizations which, supporting
and coordinating the work of many construction sites, take the required measures to
solve the problems arising, in necessary cases they correct the activity of the con-
struction site, operatively ensuring the fulfillment of the government plans.

Construction Production Control System

The structural and functional interrelations of the organizations and subdivisions
engaged in management, planning, support and monitoring of conmstruction sites, in-
cluding coordination of all the organizations participating in the construction and
installation operations, in deliveries, distribution, makeup of material resources
and manpower and process equipment, provision of technical reports and forms, fi-
nancing, and so on realized by the subdivisions of the USSR Ministry of Power Engi-
neering and also other organizations and departments are combined under the united
concept of the control system.

The improvement of the control system in power engineering construction is taking
place with respect to all areas of control and production. One of the important
areas is improvement of the structure of control by simplifying the multistep, mul-
tilink structures. The associations organized at the present time make it possible
to bring the administrative apparatus close to the construction sites. The three-
link structure of control is being created: ministry--association--construction

- site. This is improving the operativeness of the work of the administrative agen-
cies, and the number of people involved in the administrative apparatus is reduced.
The associations have the enterprises of the conmstruction industry, the design and,
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when necessary, scientific research subdivisions servicing the direct needs of the
associations attached to them. Specialized construction-installation subdivisions
are formed within the associations which permit the required distribution of forces
of the association. This improves the independence of the associations, the possi-
bility of solving the largest number of problems without going to the ministry.

The effect of the structure of construction control in production on the quality,
organization of construction production and operativeness control was demonstrated
above. In the control area, directly in the associations and other subdivisions of
the ministry, efficient structures are being developed, the functions are being
more precisely defined and delimited in order to improve the work of the admini-
strative apparatus and improve its operativeness and also to intensify the work on
the problems on the prospects, planning and engineering policy. At the same time
the improvement of the control system is leading to a reduction in the number of
administrative personnel.

The improvement of the control system is aimed at improving the capital comstruc-
tion, in particular, the operative management of construction production. The cri-
teria for evaluating the control system, the work of the administrative apparatus
on all levels include the work of the construction sites, the fulfillment of the
planned assignments by them with respect to introduction of capacity and facili-
ties, growth of productivity of labor, improvement of quality and economic indices.
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6-2. Special Features of Construction-Installation Operations
Special Features of Nuclear Power Plants

The special features of nuclear power plants have significant influence on the
technology and the organization of their construction. Let us consider some of
these features [70].

The complexity and specific nature of the layout are determined by the placement
of the equipment in reinforced concrete boxes. Access to these boxes is organized
from corridors through sealed cast iron doors. The delivery of awkward or heavy
equipment through the corridors is frequently difficult or impossible; therefore
it is necessary to organize its delivery from the top after erecting the walls

of the boxes, and only after that erecting the monolithic or prefabricated ceil-
ings, that 1is, coordinated execution of the construction and installation opera-
tion is necessary and expedient, in connection with which the delivery times of
the equipment must be strictly coordinated with the construction schedules.

The unique, nonrepeating nature of the volume and composition of the operations
by levels of the structures is explained by the various floor plans of the build-
ing on all levels, and it requires the performance of different amounts of mono-
lithic and prefabricated construction, reinforcing, forming and concrete work.
Under these conditions it is expedient to use specialized complex subgroups to
perform the entire complex of concrete operations.

The high saturation with process equipment, instruments and cable products
creates difficulties in performing the operations. It is necessary that the
installation of the equipment be serviced by individual machinery and rigging and
in a given group of facilities that the fewest number of subgroups of workers be
present simultaneously. The high saturation of the facilities with equipment re-
quires a system for acceptance of completed work aw< transition from one phase
to the next by the acceptance committees.

The radioactivity and structural design of the equipment require complete clean-
ness and dustfreeness during its installation. Exceptionally rigid requirements
on cleanness are imposed when assembling the reactor core, lines and equipment of
the primary circuit in connection with the fact that individual elements of the
equipment, in particular, the reactor core, have small cross sections, and contam-
ination of them can lead to serious emergencies. The cleanness promotes improved
quality of the work and a reduction in the startup and acceptance times. The
maintenance of cleanness in the facilities is facilitated after completion of such
operations as mass installation of concrete structures, plastering, priming,
spackling, the installation of temporary nondust producing floors and also inclu-
sion of the heating and ventilation. The phase of the erection and installation
work with this degree of completion of the construction is called the "clean"
phase.

During installation of the reactor, the primary circuit equipment and some of the
especially responsible equipment, it is necessary to organize systematic wet
cleaning of the floors and the facilities and equipment with vacuum cleaners.
The ventilation and heating systems must remove dust and fumes, maintain dryness
of the air and a positive temperature. The entrance to the facility is through
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decontamination stations with mandatory changing of clothes and monitoring of
tools brought into the installation zone. This phase of the erection and installa-
tion work is called "especially clean."

The increased requirements on quality of the construction-installation operations
are imposed because an emergency at nuclear power plants is significantly more
dangerous than at thermoelectric power plants.

The basic conditions for high-quality work are a clearcut engineering sequence
and defined constant operations boundaries for each flow. Therefore the flow-
phase construction and organization of technical quality control by phases are
recommended.

The phasing of the process of erecting nuclear power plants is one of the basic
principles of organizing nuclear power plant construction aimed at iwproving the
quality of construction, acceleration of it, and reduction of expenditures of
labor and cost.

The novelty of the construction-installation processes requires that the engineer-
ing personnel carefully study the designs of the nuclear power plants and equip-
ment and make timely preparations for new production processes. It is necessary
to improve the technical information dissemination, exchange of experience in
building the nuclear power plants, and to organize the research and development of
new production processes at the scientific research institutes and production sub-
divisions.

Thus, consideration of the influence of the specific features of nuclear power
plants on the technology and organization of construction leads to the following
basic conclusions:

Flow-phase construction technology is expedient, phasing of the operations must
be reflected in the construction PERT charts;

The organization of the engineering monitoring and acceptance must provide for
high-quality completion of the operations by phases, and this should be fixed by
the corresponding forms and reports. An expedient form of quality control can be
provided by the quality inspectorate, construction laboratories, geodetic services
and technical erection installation control services, and the form of acceptance
of completion by phases can be committees with the appropriate composition;

The construction-installation operations must be performed by specialized sub-
groups. The subgroups for concrete work must be created on the basis of complex
brigades of concrete workers;

It is expedient to reinforce development of new production processes and also to
improve the scientific and technical information dissemination in nuclear power
plant construction.

Flow-Phase Technology

The special nature of the layout of a nuclear power plant, as has been pointed
out, requires joint construction and installation operations.  Beginning with
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the specific nature of the nuclear power plant layout, it is expedient to

- organize the flows of work being performed from bottom to top, that is, beginning
with the basement facilities, all of the operations by levels of the structures
are performed successively [71].

The first flow of operations includes erection of the reinforced concrete struc-
tures by the efforts of complex brigades of concrete workers., After erection of
the walls of the first level, the foundations for the process equipment and re-
moval of the forms, the operations in the second flow begin -- rigging the awkward
equipment. After completion of rigging of the equipment, the second. flow opera-
tions continue —- the brigade of concrete workers covers over the boxes with pre-
fabricated or monolithic structures. It is permissible to leave openings in the
covers for delivery of equipment to the installations right after completion of
concrete operations only in cases provided for by the peculiarities of the rigging
systems or when the equipment has not arrived on schedule. The finishing-off of
the openings over the boxes, if it is not done in the general flow of concrete
operations, requires additional expenditures of labor and time.

In order to facilitate removal of the forms, preparation of the surfaces for
finishing (for drying out concrete, and in the winter, to eliminate ice) after
the concrete work is done for covering the boxes at each level it is necessary to
provide heating and ventilation.

Thus, it is possible to define the sequence of operations (in consolidated form)
performed on each level:

1) 1Installation of the reinforcing~forming modules or cells of the walls, and
at places in the forms, welding of the lining;

2) Installation of individual special fittings in the walls;

3) Pouring the walls, the foundations of the process equipment, removing the
forms and cleaning up the facilities;

4) Installation of heavy and awkward equipment;
5) 1Installation of temporary heating and ventilation systems;

6) Assembly of the modules of the ceiling-floors or installation of the forms
for the ceiling-floors, reinforcing work, completion of lining of the boxes;

7) 1Installation of special fittings in the ceiling-floor slabs;
8) Concrete pouring in the ceiling-floors;

9) Inclusion of heating and ventilation;

10) Preparation of the boxes for acceptance for finishing;

11) Acceptance of the boxes for finishing.
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The acceptance of a group of boxes for finishing completes the first phase of
construction operations which must be clearly reflected in the PERT charts as
a major control event.

The next phase of construction-installation operations is preparation of the
facility for "clean" and "especially clean" installation and erection work. °The
sequence of the operations of preparing the facilities for "eclean" installation
work requiring single installation of scaffolding for comstruction work in each
box 1s as follows: :

12) Installation of scaffolding;

13) Finishing of the holes made by the anchor fastenings of the form, floating

of the joints, and so on (in the worst case, floating or plastering over the
concrete);

14) Installation of permanent biting;

15) 1Installation of the fasteners in the walls and ceilings and also in the floors;
16) Installation of temporary explosion-proof lighting and ventilation;

17) Priming, spackling of the ceilings and floors;

18) Removal of scaffolding, the temporary explosion-proof lighting and ventila-
tion system, and equipment packaging material;

19) Installation of tubes for cables, the fittings of the temporary and permanent
drains in the floors;

20) Cleaning the boxes;
21) Waterproofing the floors;
22) Pouring the cement floors to the final levels;

23) Painting the cement floors (or laying temporary cleaning floors for other
construction);

24) Acceptance of the group of boxes for "clean" inmstallation and erection work.

It is necessary to consider some of the above-enumerated operations in more
detail.

Installation of Permanent Lighting Systems. At some of the comstruction sites,
two lighting systems were installed -- temporary and permanent —- which gave

rise to an unjustified increase in expenditures on lighting. On the basis of

the work experience of the Beloyarskaya and foreign nuclear power plants, it

is recommended that the permanent lighting system be installed directly.
Temporary light fixtures must be installed in the boxes and lower corridors. The
wiring maintenance must be provided by the installation organizations taking over
the facilities for installation and erection work. ‘
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Waterproofing the Floors. When performing "wet" construction operations, per-
forming hydraulic tests on the equipment and also as a result of atmospheric
precipitation during construction there are frequent water leaks through the
floors and ceilings as a result of which the water gets into the boxes at lower
levels, it floods the equipment and spoils the finish. In order to prevent leaks
it is necessary to waterproof the floors on all levels and provide a temporary
drainage system to catch the water. The waterproofing of the floors is accomplished
by applying mastic based on ethynol lacquer. The composition and the process of
applying the mastic on wet and dry floors were developed by the Orgenergostroy
Institute. It is possible also to apply the mastic to dry floors in the winter
at temperatures to -20-30°C.

Pouring the Cement Floors to the Final Marks and Painting Them. These operations
are performed to obtain temporary, clean, dustfree floors during the "clean"
installation period. The painting of the floors is also temporary. Part of
these floors are destroyed during installation of the equipment. To protect
against dust, any other procedure, for example, in individual cases, using a sheet
metal flooring, can also be used. The phase of accepting the facilities for
".lean" installation can be planned and formulated by the committees for all
levels and groups of facilities and be reflected as a most important event in the
PERT chart.

As is obvious from the list of operations performed from the beginning of the
construction operations to accept the facility, the majority of them can be
grouped into complexes of concrete and finishing operations, that is, instead of
24 operations there will be 10 complexes (Figure 6-4), and they can be performed
by complex brigades of concrete workers and finishers.

From the time of acceptance of the level or group of facilities for "clean" instal-
lation, the basic flow of all types of installation work begins, and the installa-
tion organization which accepts the facilities becomes responsible for maintaining
cleanness, maintenance of the electric wiring for lighting, and so on. Other
operations in this group of facilities can be performed only by technical permission
of the lighting wiring organization. It is necessary to try to see that the equip-
ment and instruments are installed during the "clean" and "egpecially clean"
installation phases and that the pipelines and cables are laid during these

phases. Only individual instruments and types of cable, the installation of which
in the phase is considered inexpedient, can be considered an exception, however,
the provisions for fastening them must be made before the final finishing.

The breakdown of the facilities into groups and levels which are transferred to
"olean" installations, must be made in the plan for performing installation opera-
tions and must be taken as the base when developing the PERT chart.

It is very important to achieve full completion of all installation operations
before starting up the nuclear power plamnt in order to insure the operating
reliability of the plant and also to reduce labor expenditures, for the performance
of finishing work in the operating shops of the nuclear power plant or after the
finishing operations have been completed causes significant increase in labor
consumption. The delivery of the process equipment, instruments and cable

products in the indicated installation systems strictly on schedule is a key
condition of flow organization of operationms.
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The acceptance of the facilities for clean finishing completes the phase of
installation operations (without hydraulic testing, washing and proving), which
is reflected in the PERT chart. The acceptance for clean finishing is by
groups of facilities or levels, and it is formalized by a document. In other
facilities, in particular, those located higher up, the installation operations
can be incomplete.

The breakdown of the facilities by groups transferred for "clean" finishing is
defined in the PPR and the PERT charts. After transfer of a group of facilities
or level to the builders for clean finishing, the period of limited entrance of
the installation workers to this zone begins. During hydraulic testing, blowdown
and washing the pipelines and testing machinery which can be done after the per-
formance of the clean finishing operations, it is possible to damage part of the
painted surfaces and before acceptance of the facilities for operation it is
necessary to do final painting. In the instruments and norms for material con-
sumption provision must be made for expenditures on repeated painting with ome
coat of about 30% of the surfaces subject to painting. The amount of damage to
the finished surfaces during finish installation and prestartup operations and
also the expenditures of labor on elimination of them can be reduced with proper
organization of operations: completion of the installation of the equipment be-
fore the final finishing; painting of the facilities and laying of the floor made
of plasticized material and completion of thermal insulation before the prestart-
up operations; single installation of scaffolding.

The expedient sequence of operations in the "clean" finishing phase is presented
below [72]:

Removal of the temporary clean floors, repair of couplings;

Whitewashing the couplings, laying plasticized material with fitting;

Setting up scaffolding, repairing the concrete surfaces or plaster, setting up
temporary explosion-proof ventilation and lighting, spackling, priming, painting
the ceilings, walls and equipment;

Completion of thermal insulation operations, including lining with sheet aluminum;
Installation of permanent light fixtures;

Inspection of equipment;

Fixing damage to the paint, final painting, dismantling of the temporary ventila-
tion and explosion-proof lighting systems, removal of scaffolding, removal of
garbage and waste, washing down the plasticized material;

Acceptance of the administrative facilities.

In the clean finishing phase, the operations are performed by a complex brigade
of finishers, a brigade of plasticizers and algso the installation organizations.
In the indicated version the laying of the plasticized material is done in

advance, This is important for creating favorable conditions for inmspecting the
equipment and other prestartup operations. In addition, as has been pointed out,
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it is not necessary to shift large volumes of finishing and plasticized material
operations to the very end of the schedule, for this leads to extraordinary

demands on the finishers before startup, it lowers quality and can increase the
overall construction time.

The inspection of equipment can be made also in a different sequence; it is
important that the most labor-consuming operations of painting the facilities
and equipment and also laying the plasticized material be completed before this.

The acceptance of the administrative facilities is the most important event of

the PERT chart. It is normalized by a committee document which records the end

of the basic construction-installation operations. From that time, the administra-
tion, being the responsible organization with respect to the group of accepted:
facilities, admits the builders and installation people for working on the system
of allowances adopted in operation. Further startup and adjustment operations

are conducted with the participation of a limited number of installation people
and builders according to the schedules established by the startup committee.

Figure 6-4 gives a PERT model of the described operatioms. In order to provide
the required technical control and the required responmsibility for quality and
completion of operations, intermediate acceptance of work by the committees is
practiced with the participation of the technical inspectorate, the administra-
tion, the author's inspection of the design orgamization and other required sub-
groups.

A total of 14 control events were defined from the beginning of erection of a
level to acceptance of the administrative facilities for operative servicing;
five of them are formalized by committee documents, and nine are entered in the
operations log.

The following events are formalized by documents (indicated by a "flag" in
Figure 6-4): hidden operations before pouring the concrete in the walls; hidden
operations before pouring the concrete in the floor-ceilings; acceptance of

the facilities for "clean" installation work; acceptance of the facilities for -
"elean" finishing; acceptance of the administrative facilities for operative
servicing or maintenance.

Entries in the operations log formalize the following events:

Completion of the reinforcing-form modules for installation of the special
fittings in the walls;

Completion of foundations and structural elements for installation of equipment;

Completion of facilities for putting on the cover (after installation of equip-
ment);

completion of the reinforcing-form modules for installation of special fittings in
the ceilings;

Completion of the facilities for finishing operations (after the concrete work);

‘ 170

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2

FOR OFFICIAL USE ONLY

3y I S;?y)t J[(n;}c 515,)75:: . . -
()§§§§§ ad%g )§d§§ )]
a E,g C:d.,EE —SC) s HeE -(—C o Q "’(e ,,
5 s I s e e z"’, '
e e e e e
P e i——-w = o
7 uus.»—--*sequs—e- .
. 8 —
s : a-qw————s-qb-qb—q- = —bocbeck .
10 335 — b \
\ Vo, \ Tudpabsuveckue (h)
L1 \ \ amumamﬂ
7 3
12
3
1% iP
15 ) —=sha " &_ﬂa(ﬁadm
% : _ﬁ:——o{- -+_.‘...9_ \ Kownnencol
; . =Y
18 X b 4
19 ‘-—q———o-;
20
No on Brigades performing
the figure " Flow Operations =~~~ " _____the operations
1 Ingstallation of reinforcing-form wall modules All-around concrete
workers
Completion of the lining of the walls and floors.
Forms. Reinforcing of the foundations for the
process equipment
2 Installation of especially complex fittings in Installation riggers
the walls.*
3 Pouring the concrete in the walls and foundations All-around concrete
for the process equipment workers
4 Installation of the basic and process equipment Installation riggers
5 Installation of reinforcing-form modules for All-around concrete
the floor-ceilings. Joining of the ceiling workers
and wall linings
6 Installation of especially complicated fittings Installation riggers
in the floor-ceilings*
7 Pouring the concrete in the floor-ceilings. All-around concrete
Installation, inclusion of temporary heating and workers
ventilation systems. Removal of forms, prepara-
tion of the structures for acceptance and
cleanup
8 Installation of scaffolding. Floating the All-around finishers
concrete at individual points
9 Installation of permanent lighting system, Installation riggers
Installation of fasteners in the ceilings, walls
and pipes in the floors
[Continued]
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the figure =~~~ - " 'Flow operatiomsg =~~~ the operations )
10 Surface finishing, priming of the finished All-around finishers
lining. Spackling. Priming of the ceilings and riggers

and walls over the concrete. Removal of
gcaffolding. Laying of pipes in the floors.
Execution of temporary drains in the floors.
Removal of garbage and waste. Waterproofing
of the floors. Installation of clean
temporary floors (acceptance for "clean"

installation)
11 "Clean" heat installation operations Riggers
12 "Clean" electric wiring, installation of Riggers

monitoring and measuring equipment and
. dosimetry (acceptance for clean finishing)

13 Repair of floor tie rods All-around finishers
14 Laydng of plasticized material Plasticized material
i layers
15 Installation of scaffolding. Cleanup All-around finishers
painting to one layer less than planned
completion
16 Heat insulation and lining Insulation installers
17 Finish painting. Removal of scaffolding. All-around finishers

Washing of plasticized material (acceptance
of the administrative facilities for operativee

servicing)

18 Adjustment of the electrical section, the
monitoring and measuring equipment and
dosimetry

19 Checking out the machinery

20 Flushing, blowing down the circuits

%A11 of the fittings installed by the builders: the especially complicated
fittings requiring high installation precision or special qualification are
installed by the riggers and fitters.

Figure 6-4. PERT model of the flow-phase process of building

a multilevel nuclear power plant structure

Zone I -~ minimum required part of the enclosure, readiness of
which opens up the front for the subsequent type of operations;
zone II -- bagic part of the enclosure; zone III -~ part of the
enclosure in which the completion of the given type of operation
allows for proceeding with the completion of the subsequent

type of operations

Key:
a. Flow operations h. Hydraulic tests
b. Level I i. Adjustment of complexes
c. Zone I
d. Zone II
e. Zone III
f. Level II

g. Level III
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Completion of the facilities for installation of lighting, installation of
fasteners in the ceilings, walls and pipes in the floors;

Readiness of the facilities for priming;

Completion of hydraulic tests, clean finishing operations, laying plasticized
material and transfer of scaffolding for completion of thermal insulation and
lining;

Completion of thermal insulation and lining and transfer of the facilities for
final painting.

All the remaining technical acceptances with notes in the logs and documents are
formalized in accordance with the SNiP,

The analysis performed above of the special features of building nuclear power
plants, their influence on the technology and organization of constructionm,
practical checkout of the flow chart (sequence) of the operation has made it
possible to discover the principal conditions of flow-phase construction of
nuclear power plants:

The performance of concrete operations by the forces of the all-around brigades
of concrete workers with the application of industrial methods of construction;

Inclusion of reliable heating and ventilation systems as the concrete operations
are completed by levels or groups of facilities;

Performance of finishing operations by the forces of the all-around brigades of
finishers;

Waterproofing of the floorwceilings and organization of the drainage of water from
them on all levels of the structure;

Separation of all of the facilities and groups and levels transferred as opera-
tions are completed to the corresponding responsible organizations and also
insurance of cleanness and order in these facilities;

Delivery of the process equipment, instruments and cable products strictly on
schedule;

Phasing of the execution of the construction and installation operations, a clear-
cut system for monitoring and acceptance of these operations;

Control of the flow of operations by computer.

The obvious, although entirely neéessary conditions of material-technical supply,
provision with documents, and so on are not indicated among the flow conditioms.
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Process Sequence of Erection of the Main Facility

The placement of the cranes for nuclear power plants with VVER-440 reactor is

illustrated in Figure 6-5. One version of the placement of the basic erecting

cranes for erecting the main facility of the nuclear power plant with VVER-1000

reactor is shown in Figure 6-6. The plan for performing the operations provides

for preparation of the envelope modules with lining and channel formers and other
- reinforcing-form modules on site.

The operations begin with the foundation plate, then the structures are erected
for the reactor section first to the 12.3 meter level, then to the 37.8 meter
level, and the installation of the shielding tank, the metal structural supports
for the reactor takes place simultaneously, the supports are installed for the
steam generators, the main circulating pumps, the expansion tank, the lines 850 mm
in diameter, and so on. During the same period as the structural components are
completed, the equipment is installed, and the cylindrical envelope is erected
above the 12.3 meter level with installation of chammel formers and welding of
the lining. Then the bridge crane is installed, the pouring of concrete in the
cylindrical part of the envelope is completed, and the cornice is built. The
erection of the envelope dome begins with installation of its metal structures,
reinforcing and pouring the concrete for the lower layer of the dome concrete.

_ After installation of the channel formers and reinforcing, the subsequent concrete
work on the dome is completed. The installation of the reactor vessel and other
basic equipment is by bridge crane. At the same time, concrete operations are
completed at the upper levels in the reactor section, and the stressed reinforcing
of the envelope and dome is completed simultaneously.

For erection of the envelope the following process is adopted. After assembly of
the reinforcing modules of the cylindrical part of the enclosure with the lining,
control assembly of the modules in the working position on the amnular wall is
carried out, repeating the shape and dimensions of the reactor section. The pipe
channel formers are installed. Then the modules are delivered to the reactor
section where their installation takes place level by level. After the corregpond-
ing checkout of the installed modules, the welding is done and the tightness of

the joints in binding is checked, the reinforcing of the structural components at
the joints of individual modules are welded, and the pipe channel formers are
finally connected and secured.

The channel formers for the stressed reinforcing must be sealed to prevent the
cement mix from getting in them when pouring the concrete and to keep moisture from
pitting the concrete during operation. The channel former material must insure
minimum losses to friction when the reinforcing is put under tension. It is
possible to use flexible metal sleeves and pipe made from polymer materials as

the channel formers. It is expedient to use pipe made of incombustible polyethylene;
otherwise during installation it is necessary to provide for safety measures to
prevent combustion of the channel formers.
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Figure 6-5. Diagram of the crame layout when building the main
facility of the nuclear power plant with VVER-440 reactor

Key:
- 1. DEK-50
2. MKG-100 No 2
3. MKG-100 No 1
4, DEK-251

APPROVED FOR RELEASE: 2007/02/09:

5. MKG~100 No 1

6. MKG-100 No 1 and No 2

7. Direction of movement of the crane
8. Direction of movement of the crane
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Figure 6~-6. Crane layout for building the main facility of a nuclear
power plant with VVER-1000 reactor

Key: 1 -- MKG-100M No 2; 2 ~- MKG~100M No 1; 3 -- DEK-50; 4 -- SKG-1000 ZM;

5 -~ KB-573 No 1; 6 -~ to the +12.3 mark; 7 -- MKG-100M No 1; 8 —- KB-573 No 23
9 —- KB-573 No 3; 10 -- SKG-1000 ZM Nc 1;
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Figure 6-7. Head of bunched reinforcing with leader

The installed channel formers must be certified and stamped. In order to check

the cross section of the tubes and preserve their walls after completion of
installation of a group of channel formers, a control leader is lowered into them
on a line, the diameter of the leader must be 4~5 mm larger than the diameter of
the regular leader (Figure 6-7). This test is necessary in connection with the
possibility of deformation of channel formers when pouring the concrete in the walls
of the protective envelope.

The bunched reinforcing is pulled through the channel formers of the vertical walls
of the envelope in the case of helicoidal (grcove) reinforcing (see Figure 4-3)
from the upper cornice by an electric winch with a line. The bunched reinforcing
of the envelope is alternately put under temsion by hydraulic jacks through one
bundle from the top and from the bottom. The bunched reinforcing of the dome is
stretched using a riglid wire. For prestressing of the bunched reinforcing at pilot
nuclear power plants, powerful hydraulic jacks were used with a calculated stressing
force of 10 MN (1000 tons) under a pressure of the working fluid in the hydraulic
system of 40 MPa (400 kg/cm?). The hydraulic jacks are installed on manipulators
that move along the annular tracks of the lower gallery and the upper cornmice at
the joint of the dome to the vertical walls (Figure 6-8). The manipulators are
self-propelled dollies with guides for installing the hydraulic jacks.

It is desirable to pour the concrete in the walls of the protective envelope usiag
a sliding form which provides for continuity of the concrete work, a high rate of

operations, the required quality of the seal of the concrete mix and smooth surface
of the envelope.

The structural design of the sliding form provides for the possibility of dis-
connection and removal of any of its panels during pouring of the concrete in order
to get around the numerous openings in the walls and corridors protruding beyond
the basic dimensions of the envelope. For the normal rate of raising the form

of 10-20 cm/hr the intensity of pouring the concrete mix ir the envelope is

100-200 m3 per shift. For lifting and distribution of the concrete mix around the
perimeter of the structure, concrete pumps or cranes are used.
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Figure 6~-8. Mechanisms for putting the bunched reinforcing of the
envelope under tension

1 -- lower annular track; 2 -- lower carriage; 3 -- manipulator;
4 -- jack gallery; 5 —- hydraulic jack; 6 -- anchor plates;
7 -~ stressed bunched reinforcing; 8 -~- supporting carriage; 9 -

top annular track; 10 -- top carriage; 11 -~ inside lining

The next structure of the nuclear power plant with respect to complexity is the
spetskorpus [specialized service building], which is a standard multistory struc-
ture. It is expedient to combine the work on it to the maximum with erection of
the reactor section. However, the layout of the spetskorpus adopted at the first
nuclear power plant does not permit them to be built completely simultaneously
with the reactor sections, and their construction was done in phases.

The machine rooms are erected just as the machine rooms of thermal electric
power plants, and therefore a description of these operations is not presented
here.
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The operations on the entire complex of structures of a nuclear power plant with
two VVER-1000 power units and the sequence of performing these -operations are
presented in a complex, consolidated PERT model (Appendix 6-4).

Onewersion of erecting the main facility with two RBMK-1000 reactors is shown in
Figure 6-9. In the machine room and on the outside of the reactor section, two
BK-1000 tower cranes are installed each. The "dead" zone formed here (not serviced
by the BK-1000 cranes) is eliminated by installing KB-160-2 tower cranes successively
at the 12.0 meter level (Figure 6-9, a) and the 49.0 meter level (Figure 6-9, b).
The corresponding reinforcing of the floor-ceilings is provided for this purpose,
and special structures are used at the 49.0 meter level to lay the crame tracks.
The KB-674 crane installed on the foundation plate of block B performs the opera-
tions of erecting block C to the 41.0 meter level, after which it is erected from
this position., In the first phase the blocks A and C are erected to the 12.0 meter
level; inthe second phase the same blocks are raised above the 12.0 meter level.

As the cranes are released they are concentrated in block B. In the third phase
operations are completed with respect to all blocks of the main facility.

The operations of the entire set of structures of the nuclear power plants with
RBMK-1000 reactor and the sequence of performing them are shown in the PERT model
(Appendix 6-5).

The construction rates of the main facilities can be increased significantly with
the application of concrete pumps and also small tower and other cranes with
increased speeds of raising the loads. In the performance plans, it is necessary
to provide for independent operation of each partial flow. For this purpose each
subgroup which makes up the partial flow must have its own machinery for vertical
and horizontal transportation. At the present time light 4-10-ton KB-573
accessory cranes with 40-20 meter booms and lift speeds to 40 m/min and other
cranes of suitable characteristics (see Table 6-5) are used for this purpose.

One of the main conditions of high-speed construction of nuclear power plants for
which optimal loading of the cranes is insured 1s continuous and timely delivery

of all of the structural components and process equipment to their operating zone.
The use of industrial structural designs of monolithic biological shielding, the
reinforcing-form modules with reinforcing plates (Figure 6-10) or three-dimensional
reinforced concrete and steel cells (Figure 6-11, 6-12) and assignment of the
cranes to the all-around brigades also create conditions for increasing the crane
load.

Table 6-13 provides data on the attained load levels of machinery as applied to

the structure of the operations of building thermoelectric power plants which are

similar in structure to the operations on the nuclear power plants. An approximate
_ estimate can be made of the crane requirement by dividing the total weight of the

structural components which must be installed by crane (Table 6-14) by the construc-

tion time for these structures and the monthly crane loading norm.

It is simultaneously necessary to calculate the required number of workers defined
as the ratio of the cost of the construction-  stallation operations to the planned
output per worker. The distribution of the brigades by phases is calculated by the
norms.
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Figure 6-9. Diagram of the crane placement on the building site of
the main facility of a nuclear power plant with RBMK-1000 reactors

Table 6-13. Crane Loading Level

Maximum capacity, Average monthly
Type of crame tons ) ~ 'load, tors )
Tower:
BK-1425 Vv 60% 1800
BK-1000 50 1500
Caterpillar:
MKG-100 40%% 1200
DEK-~50 50 1400
DEK-25 25 750
Other 10 300

*With increased lift height of 116 meters.
**In the tower-boom execution
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Figure 6-10. Reinforcing-form modules with reinforcing plates
designed by the Gidroproyekt Institute, weighing 12 tons (a and b)
and 24 tons (c)
Key:
1. Batten

The indicated calculations must be performed for each phase, estimating the
technical and physical possibilities of the machinery and the working brigades.
When details are necessary, the crane load can be calculatad by the time norms
for each phase considering the planned number of lifts for each crane.

Concrete Operations

The erection of radiation shielding is specific to the nuclear power plant. The
components of the concretes used for radiation shielding are described in §5-3.
The composition of the concrete must be determined by the calculated experimental
method with mandatory checking of the operating composition of the sample mix in
specialized construction laboratories, during the initial period of construction
with use of a specialized organization.

The preparation of the concrete mixes 1s organized at the concrete construction
plants. The concrete must be transported to the place where it is poured with
minimum number of overloads. Especially heavy concrete is frequently moved in
buckets picked up from trucks and sent to the locations where the concrete is
poured by crane.
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Table 6-14. Physical Volumes of Operations in Building
the Maln Facillty of a Nuclear Power Plant - -

) with VVER-IOOO 'i‘éa(:tdi" )

“including
Types of operations Total Block Block Block

A C D

o0
Total v
N O
ha I
58 9 0
3o ol ord
[T UE

© o 9
......... g.m o
7} .0

and electri-
cal equipment

Machine room

annex

Monolithic concrete. 140,740 50,570 24,570 65,600
and reinforced
concrete,
thousands, m3
Prefabricated concrete 26,000 3,830 2.670 19,500
and reinforced
concrete,
thousands, 3
Steel structural 15,600 5,000 1,000 9,600
elements,
thousands of tons

79,000 36,000 30,000 13,000

14,000 -- 1,000 13,000

8,700 4,000 0,700

Figure 6-11. Reinforcirg-form module with permanent

reinforced concrete form (concrete cell)
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Figure 6-12. Metal cell in which the lining is used as
reinforcing and form

- In case of the necessity for applying especially heavy concrete with a specific
weight of about 5 tons/m3, the process of separate pouring can turn out to be
expedient -~ first the fillers are put in, and then the mortar is pumped under
pressure.

Before pouring the concrete mix in the structural element, the surface of the old
concrete is prepared, there is technical acceptance of the reinforcing, the fittings
and the forms, and the hidden operations are documented.

When performing concrete operations it is necessary to be guided by the SNiP III-15-
76 and SN 156-67, to observe the general safety engineering requirements in
accordance with SNiP III-A.11-70 and also the rules and instructions for safety
engineering as applied to specific conditions.
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The monolithic concrete and reinforced concrete are 70 to 75% of the total volume
of the reinforcing concrete and concrete structural elements of the nuclear power
plant. Large possibilities for industrialization of the comstruction of nuclear
power plants and, on the basis of this, improvement of the quality of operations,
reduction of the labor expenditures, cost and acceleration of construction are
hidden in the improvement of the structural elements and the technology of the
mass monolithic concrete work. Until recently, on some jobs and up to now the
reinforcing of the reinforced concrete structures were performed by individual
elements; then the fittings and the form were installed. The fittings were
designed to protrude beyond the forms, and as a result of this, the application
of a stock panel form was limited; frequently it was necessary to build the forms
from boards on the job. The surface of the monulithic structural elements was of
poor quality, requiring plastering. The labor consumption and construction times
were large in this case, and the problem of creating industrial designs of nuclear
power plants became obvious.

Figure 6-13. Reinforcing-forming modules with stock forms

At the present time experience has been accumulated in the use of reinforced con-
crete panels for these purposes, including the designed operating reinforcing, as
envelope slabs, in particular, the hydroengineering construction. Frequently the
assembly of fittings in the reinforcing frame modules were also introduced into
the construction practice. The broad application of the prefabricated reinforced
concrete in industrial and residential construction is generally known. The first
experience in the industrialization of the design of the radiation shielding of
nuclear power plants was realized on a broad scale in the construction of the
Beloyarskaya Nuclear Power Plant [73], where prefabricated blocks weighing up to
15 tons were used for the walls of the reactor section., The prefabricated and
combination (prefabricated monolithic) structural elements were used for walls
with an insignificant number of fittings in order to avoid increasing the types
and sizes of the prefabricated modules. The erection of the walls of such
structures by the efforts of the complex brigades of concrete workers increased the
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rate of construction by 15%, the labor expenditures on the construction site were
reduced by 4-5 times. At the same time, the cost of the biological shielding rose
proportionately to the difference in prices of the prefabricated and monolithic
reinforced concrete of the biological shielding.

In order to erect the monolithic structures, the reinforcing-form modules were used
with complete prefabrication of the reinforcing and stack forms wrapped in roofing
iron (Figure 6-13), which made it possible to reduce the plastering operations over
the concrete, but it was not possible to completely exclude them., The application
in the United States and England and other countries of forms made of form plywood
(Figure 6-14) made it possible to do away completely with the plastering operations
and has allowed conversion to painting the concrete structures without spackling,
and where admissible, leaving the concrete surfaces without further finishing. At
the present time for Soviet nuclear power plant constructicn, forms made of form
plywood are recommended with fastening of the panels with anchor pins and blocking
in the plane using boards (Figure 6-15).

Figure 6-14, Panels of stock forms made of form plywood with the
application of bent profiles

Figure 6~15. Fastening of stock form using anchor bolts and
conical couplings

1 —~ Form plywood; 2 -- conical plug coupling extracted from the
concrete; 3 -- blocking boards
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The generalization of the construction experience has made it possible to formulate
the basic areas of development of the industrial methods of performing monolithic
concrete work at the nuclear power plants which provide the basis for subsequent
developments of reinforcing form modules.

1. In the detail designs of the monolithic reinforced concrete structures provi-
sion must be made for breakdown into reinforcing-form modules including the
fittings. The structural designs of the reinforcing and the forms of all types
for the modules are interconnected; therefore they must be developed jointly.

2. When designing the structural elements and the fittings it is necessary to
strive to standardize the reinforcing-form modules with geometric dimensions and
reinforcing and the fittings with respect to sizes and structural designs; the
fittings must not protrude beyond the form.

3. The tolerances on installation of the massive fittings must be determined con-
sidering the actually necessary accuracy of installation in order to facilitate
construction and reduce the expenditures of labor on installation of the fittings.

4. The structural designs of the reinforcing-form modules must begin with the
expediency of their mass production at the plants or the regional bases.

5. It is necessary to organize the plant preparation of the reinforcing-form
modules of optimal design and expand the production of the stock panel forms of
efficient design.

6. It is necessary to develop measures to facilitate the transportation and pour-
ing of the concrete mix by variation of the physical properties of the concrete
and introduction of new machines and machinery.

In the German Democratic Republic at the Nord Nuclear Power Plant steel cells have
been used for the first time which incorporate the lining sheets of the boxes as
reinforcing and foims for the reinforced concrete structures (see Figure 6-12).

A further development of the structural design of reinforcing-form modules was

the spatial modules -- reinforced concrete cells with permanent form (see Fig 6-11)
—— which were developed when building the Novovoronezh and Kola Nuclear Power
Plants. These modules were provided for in the designs for nuclear power plants
with water-cooled, water-moderated power reactors (VVER). The structural design
and the process for assembly of such modules at the plants from separate plates
with subsequent assembly into modules were developed.

The calculations demonstrated that the effectiveness of the three-dimensional
reinforced ~oncrete cell-blocks is especially large if their production is
organized at the plants or the rayon bases.

Another version of the three-dimensional modules with reinforced concrete permanent
forms is the standardized ribbed plates designed by the Gidroproyekt Institute

[see Figure 6-10) used for nuclear power plants with RBMK reactors. These plates
are made at the rayon bases. At the construction site the plates are assenbled
into modules, the fittings are installed and sealed (Figure 6-16). The protruding
ends of the reinforcing of the modules are welded during installation.
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The modules with permanent forms of both types have good outside surfaces of the
concrete; they do not require plastering and they are suitable for painting with-
out spackling.

The high quality of their surfaces is insured by forming on metal pallets or in
forms. The cracks between the modules of both types are formed up -ith battens.

The general requirements on the reinforcing-form modules for any . .uctural element
are the following. :

1. Insurance of high quality of reinforced concrete structure and, in particular,
the quality of the concrete surfaces, the savings of metal, reduction in cost,
reduction in expenditures of labor at the construction site and total expenditures
of labor and also reduction of the number of operations performed when assembling
the module at height (at the concrete pouring location), which improved the con-
ditions of labor and safety engineering.

2. The reliability and safety of transportation, storage and installation of the
modules under different weather conditionms.

3. Observation of tolerances when installing the fittings with respect to the
axes and the reference marks of the structure: for all fittings (with the excep-
tion of special ones), in plan and with respect to height +50 mm; the planes of
the fittings from the plane of the wall +3 mm; the axes of the rod and pipe
corridors, the air ducts of the ventilation systems from horizontal 0.005 (5 mm
per meter of length). The tolerances on installing the special fittings are
specially stipulated in the detailed drawings of the corresponding divisions of
the plan.

4, The painting of the concrete surfaces or lining of the modules at the plants.

The three-dimensional cell blocks cannot be used to replace the entire volume of
monolithic reinforced concrete of the nuclear power plant; therefore the produc—~
tion of high-quality forms is urgent as before.

The transition to the industrial structural components of a nuclear power plant
based on the development of plants and rayon bases for the production of these
structural components and specialization of the subgroups with respect to complexes
of concrete operations provide for a reduction in the expenditures of labor on
concrete and plastering operations at the construction site by almost fivefold,

and all labor expenditures considering the manufacture of the modules, almost cut
in half. Here the labor consuming, dangerous work of the carpenters and the
reinforcing rod handlers is facilitated, and it is to a significant degree replaced
by the work of the riggers, and the conditions of labor and safety engineering are
improved significantly.

The transportation and pouring of the concrete mix are highly labor-consuming
- operations. The system used is as follows: preparation of the concrete mix at
the plant -- transportation by dump truck -- delivery to the location for pouring

in a bucket by a crane -- pouring using a hopper with arm -- compacting by a

vibrator —- is labor-consuming, it has become obsolete and must be replaced by

the following system: the concrete plant -- concrete mixer truck -- concrete pump.
187

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400030020-2

FOR OFFICIAL USE ONLY

With this system the number of workers employed.in transportation and pouring the
concrete mix is reduced. However, for introduction of this system, it is

necessary significantly to fill out the fleet with the concrete mixer trucks and
concrete pumps.

Figure 6-16. Reinforcing-form modules made of reinforcing
plates of the Gidroproyekt Institute design with installed
fittings

The physical properties of the concrete -- its convenience of pouring (mobility)
and inclination to stratify (binding) to a significant degree determine the labor
consumption of pouring in any, and especially strictly reinforced structures. In
addition to the requirements on the physical-technical properties, requirements are
imposed on the concrete which also depend on the quality of transportation, pouring
and forming -- uniform density with respect to the entire mass (absence of cavities
and the uniform distribution of filler) and a smooth surface without pits and air
bubbles of the concrete structure. For satisfaction of these requirements it is
necessary carefully to pack the laid concrete mix with vibrators and rodding. In
the case of stratification of the concrete, a large filler is added to the zone
where the concrete mix is separated. The highly mobile concrete mixes with the
corresponding additives -- cast or high-plastic (with shrinkage of the columns of
about 20 cm) have binding excluding stratification. Such concrete is laid in
heavily reinforced structures without vibration, it flows around the reinforcing
and fills all the cavities (the gravity method of pouring). For high quality of
forms, the concrete is suitable for operating without painting or painting without
spackling.

Cast concrete, which has the indicated properties is used abroad. 1In Soviet power
engineering construction they have started to use cast concrete with a complex
additive of 2-3% silica gel and 0.15-0.20% SDB of the waste in the cement (silica
gel is a white finely disperse powder, which is the waste from producing aluminum
fluoride). A search is being made for other additives. Cast concrete with

complex addicive corresponds to all the strength requirements, radiation resistance,
frost resistance and water impermeability, imposed on the structural elements.
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It is possible to use a complex additive also for especially heavy concrete.

When performing the concrete opervations an important role is played by the geodetic
service. The axes and levels of the parts of the structures, as they are erected,
are coordinated with the axes (red lines) of the basic structures and the support-
ing network of the reference points, for which in the design provision must be
made for a system of auxiliary points in plan view and height marks within the
limits of the structures. The points are assigned on a full-scale by using
geodetic markers (stakes, installed markers). The accuracy class of the breakdown
of the axes and stakes is indicated in the design of the structure. Before
beginning the construction and installation operations on the next level the
installation of the required number of stakes and breakdown of the installation
axes providing for conduct of the operations must be completed. All of the break-
down must be checked out and accepted by the committee with the participation of

a representative of the thermal installation organization. The results of break-
down are formalized by a document approved by the chief construction engineer.

Anticorrosion Protective Coatings

The basic purpose of the anticorrosion protective coatings of nuclear power plants
is to insure a normal radiationsituation and protect the structures from deteriora-
tion. The coatings must correspond to the requirements of deactivatability,
chemical stability, service life under operating conditions, that is, radiation
and mechanical stability and also aesthetic requirements. The coatings used at the
nuclear power plants are presented in Table 6-15.

The lacquer and paint coatings put on the concrete surfaces and the plasticized
coatings of the floors are used in less responsible, manned and semi-manned facil-
ities. The paints and varnishes on carbon steel of the walls, ceilings, and floors
are used in the semi-manned and unmanned facilities. Metal plating, paints and
varnishes are used to increase the service life of the metal structures, access to
which and the repair of which are complicated and also those operating under the
conditions of effects from the air at increased humidity and temperature and the
ionizing radiation flux. The polymer solution coatings are used for concrete
floors of semi-manned and unmanned facilities. The protection by paints and
varnishes of the equipment surfaces, the pipelines, the metal structural elements
located in the facilities of the nuclear power plants is usually realized by the
same paints as when coating the walls and ceilings of the corresponding facilities.

The operations with respect to protective coatings (preparation of the compositions,
degreasing of the protective surfaces, application and drying of the coatings) are
connected with explosionproofness and toxicity of the volatile sprayed materials;
therefore they must be performed with strict observation of the Fire Safety Rules
and the Rules for Safety Engineering and Production Sanitation and also auxiliary
rules and instructions as applied to the specific conditions.

The operation with respect to the application of protective coatings must be per-
formed by specialized organizations. In the necessary cases stock explosion-safe
ventilation and lighting systems must be used for observation of maximum admissible
concentrations of harmful agents in the air of the operating facilities in
accordance with the requirements of the sanitary norms SN 245-71 and the designs

of the production operations under complex conditions.
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Before applying the protective coatings the services of the structural elements
and equipment are subject to preparation. First of all the structural elements

and equipment are mechanically cleaned of dirt, spills of mortar and concrete,
rust, burrs from welding and also oil, and so on. The sharp edges and corners of
the structural components are rounded. The metal lining of the walls and other
structural elements in accordance with the engineering characteristics are sub-
jected to sandblasting (using metallic sand or shot). After mechanical cleaning
the dirt and dust are removed from the facilities by vacuum cleaners and wet rags.
After shot blasting, the sheet metal must be degreased by an orgamnic solvent.

This operation is performed using stiff hair brushes. The surfaces of the concrete
structural elements must be dry and dust-free; all of the construction and distilla-
tion operations to be performed in the stage of preparing the facilities must be
completed. The degree of readiness of the facilities for production with respect
to anticorrosion protection must be formalized by the corresponding document. In
addition to the indicated requirements of flow-phase process when preparing for
coating, it is necessary to be guided by the requirements of SNiP III-21-33,

SNiP ITI-18-75, SNiP III-23-76.

In order to improve the quality of the operations and to improve the productivity
of labor under the safest operating conditions it is necessary to provide for the
performance of the largest possible volume of operations with respect to the coat-
ings outside the construction site. It is recommended that the shot blasting of
the lining and other metal structural elements, protection of them in accordance
with the engineering conditions, preparation of paints, and partial coating with
paints be transferred to the workshops and shops where preliminary preparation of
the surfaces is organized.

The operations with respect to application of coatings are incompatible with the
installation and welding operations in the same or adjacent facilities. This
peculiarity requires strict observation of phasing of the operations and is an
important additional condition of safety of finishing and installation operations.

During the process of preparing the compositions of paints and varnishes and the
polymer solution coatings, there is periodic quality control of the compositions
and correspondence of them to the technical specifications.

The paints and varnishes and polymer solutions, as a rule, are applied by mechani-
cal means; the workers must wear respirators or diving suits. The application of
individual layers of coating and drying take place at an average temperature of

no less than +15°C and relative humidity to 75%. The deviations from these condi-
tions are stipulated by the process instructions. When performing the operations
of protecting the metal and concrete surfaces it is necessary to be guided by the
requirements of production instructions and the SNip III-16-73, SNiP III-21-73,
SNiP III-23-76.

The metallized paint and varnish coatings are applied by the gas flame or electric
arc method with the application of mechanical devices. Aluminum. (metallized) is
applied by spraying, and then the paint or varnish (epoxy EP-773, EP-525 or
organosilicate AS-8a) is applied successively.
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Table 6-15. Coatings for Protection of Structural Components
and. Equipment  of Nuclear Power Plants -

.. Brand. of -
Type of coating coating - ___'Protective surface
Paints and Epoxy EP-273 Concrete and carbon steel linings
varnishes Epoxy EP-569 of the walls, ceilings, floors,

Epoxy-silicone SP-ES-8 metal structural elements,
equipment and pipelines

Metal plating and EP-525 epoxy or Carbon steel
paints and varnishes AS-8a organosilicate
(metal-polymer) (with respect to

aluminum metalliza-
- tion sublayer)

Polymer solution Epoxy~polyamide Concrete floors
: Epoxy~oxyline
- Plasticized Plasticized poly~- Concrete floors
materials vinylchloride 57-48

The lining with plasticized polyvinylchloride -- formula 57-40 -~ is done to pro-
tect the concrete floors of the nuclear power plant facilities. The roll or
- sheet plasticized material 3-4 mm thick is welded by a jet of het air using
; special torches with electric heaters or high-frequency welding. The cards (some-
what earlier than the welded sheets) are prepared in the workshop equipped with the
corresponding benches, shears, presses and welders, at a temperature of about 20°C.
- The plasticized material is laid on a cement floor that has been primed with lime
or a paint or varnish (to glve the flonrs the necessary decorative appearance, for
the plasticized material is transparent, and for protection of the floor concrete
from liquid radioactive contamination if the plasticized coating is damaged). The
plasticized material can be laid by complex groups of three-six people, within
which there is a qualified electrician (he is not a plasticized material handler)
and an expansion bolt fitter.

Large volumes of operations with respect to protective coatings and the lining of
the boxes with steel require significant material and money expenditures. At the
6 million kilowatt nuclear power plants, more than 10,000 tons of sheet steel are
requ.red for lining. At the present time scientific research work is being done
to replace this short metal in the wall and ceiling linings with polymer: solutions
and polymer concrete. For coating the floors they have started to use new compounds
based on epoxy resins (epoxy polyamide and epoxy oxyline). The use of cheap and
available materials with low viscosity for the coatings permits mechanization of
these operations and acceleration of the hardening process. The search for coat-
ings must be combined with the problem of reducing toxicity and explosiveness of
- the sprayed materials.
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Welding Operations

The metal structural elements and pipelines- of nuclear power plants are made of
carbon, low-alloy and high-alloy (corrosion-resistant) steels (Table 6~16 and 6-17).

Carbon steel VSt3sp is used for the circulating water and service water line,

linings and other structural elements. Steel 20 is used for more responsible pipe-
lines, the metal structural elements, tanks, and so on. Steel 22K is used to make
the vessels of the steam generators and separators and also the primary layer of
cladded pipe. The low-alloy steels 10KhSND and 1Kh2M are used to make structural
elements and pipes for the nuclear power plant; steel 10KhSND is basically used to
make vessel structures with sheet thickness to 40 mm, Corrosion-resistant 08Knl8N1OT
and 08Kh18N12T austenitic corrosion-resistant steel is widely used in the structural
elements of pipes of nuclear power plants. The majority of process lines, the
lining of the specialized facilities and various tanks are made from it.

Table 6-16. Chemical Composition of Steels Used at the
Nuclear Power Plants

(2) Conepxuume, %
. £ )
Mapes cTaas [+ St Mn Cr NI Tl Cu © Mo ——I—""“
(6)) C ( 3)me Some
(4) BCr3en |0,14—0,22 061?45' 04— | — - < - —  {0,055] 0,045
20 0,17—0,24 obi'.;;- obégs— <0,% | <0,%5. —. <0,% —  lo,040 0,040
(5) erc | 0,12—0,18 {0,70—1,0{0,9—1,3| <0,3 | <0,3 - <0,3 - 0,040| 0,035
2K 01802 01— [07-09| <03 | <03 | — | <03 |~ {0,045 0,045
(6) joxcum | <012 |o0,8=1,1]0,5—0,8(0,6—09/0,5—0,8) — |0.40—0,60 ~— - [0,040f 0,040
(7) 1X2M | 0,08—0,12 .oblg;- 06430— 2,0-2,5] =" - i 0,60—0,80 |0,020( 0,025
(8) 08XISHIOT | He oéx%e Hego.snee 1,0-2,0 17,0- 90—110}0,4—0,7] — - —  lo,020{ 0,035
y ov ) v 4
(9) 08X18HI2T | He Gones |He Gonee |1,0—2,0| 17,0— | 11,0~ |0,3—0,6 - - 0,020 0,035
) o,osefsy 0,8 . 19,0 13,0
Key:
1. Type of steel
2. Content, 7%
3. no more than
4, VSt3sp
5. 16GS
6. 10KhSND
7. 1Kh2M
8. 08Kh18N1OT
9. 08Kh18N12T
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Table 6-17. Mechanical Properties of Steels Used for Nuclear
‘Power Plants

Yield point, Relative. . Specific

Temporary - MPa - - - elongation,  .ductility,
Type of steel resistance, - . N . 'kilojoules/! i
_ i  MPa ' ) " 'no léss than ‘
VSt3sp 380-490 240 27 800
no less than
20 : 420 - 28 -
16GS 500 300 18 600
22K 440 190 20 700
. 10KhSND 540 400 19 -
1Kh2M 400 300 20 1000
08Kh18N10T 520 - 40 -
08Kh18N12T 520 200 40 -

The sheet steel structural components are welded by automatic submerged arc welding
or manual electric arc welding or argon-arc welding. A large amount of work is
welding the linings of the specialized facilities. The linings are made of
perlitic and austenitic sheet steel about 5 mm thick. The manufacture, installation
and acceptance of the structural components of the linings are in accordance with
SNiP 318-75.

Table 6-18. Quality Control of Welded Joints of Austenitic Steel Linings

Category Methods “ard volume of control, %
of Method External - Internal Testing for
welded of inspection flaw Keroiene resistance
joint welding and measure-  detec- test to MKK’ and
__‘ments ~_tion - Metallgggaphyz
I Automatic, 100 100 100 1/50
semiautomatic,
manual
11 Automatic,
semiautomatic, 15 100 1/100
manual 100 30 100 1/100
III Automatic,
semlautomatic,
manual 100 - 100 1/200

Notes. IFor one-way access to the welds, the kerosene test is replaced by the more
labor-consuming and expensive vacuum method of control in the same volume.
Measured by the number of indicators per running length of the weld in

ters.,
3an§exs'crystalline corrosion].

There is a classification of lined structural elements by categories of welded
joints: ‘

H 193
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030020-2

FOR OFFICIAL USE ONLY

Category of welded joint Lining structures

I Bottom and wall of the holding and recharging
basins; areas of the wells and tray of the
core with height of edging 150-250 mm, in
which temporary stagnation of an aggressive
product is possible

II Lining of the core facilities above the trays
which can have short-term contact with
aggressive solution during spilling or washing

I11 Trays and lining of the walls of the facili-
ties of the inactive zone

Note. In practice more frequently austenitic steel is used for calculating I;
austenitic steel or carbon steel with subsequent anti-corrosion coating is used for
category II; carbon steel with subsequent anti-corrosion coating is used for
category III.

Various structural elements and manufacturing process for the linings can be pro-
posed, but preference must be given to the structural-process solutions which per-
mit the performance of the largest possible volume of welding operations in the
preinstallation operations shop (TsPR) with the application of automatic submerged
arc welding and also provision of monitoring of all (or almost all) of the welds
for seal using the kerosene test as the simplest and sufficiently reliable. For
this purpose it is necessary to select the structural elements in the sequence of
operations providing for access to the wells from both sides.

The usual methods of monitoring the welded joints of the linings are (Table 6-18):
external inspection, flaw detection by x-radiation or gamma radiation exposure,
monitoring of the tightness (the kerosene test or vacuum method) , metallographic
studies and testing for resistance to intercrystalline corrosion (MKK).

All of the wells are subjected to external inspection; the requirements on monitor-
ing by external inspection are presented in Table 6-19.

The volume of monitoring by exposure to gamma or x-radiation is designated as a
function of the categories of welded joints and the method of welding. Thus, for
category II welded joints which are accessible or have limited access for repair
(these include the greater part of the austenitic steel 1inings) executed by auto-
matic welding, it is required to expose 15% to radiation examination; for those
performed by manual energy arc welding, 30%Z of the length of the welds.

The requirements for flaw detection by exposure to gamma radiation are as follows:
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Cracks, gas pockets, and incompletely welded
craters, a grid or chain of pores, slag or
other foreign inclusions, poor penetration
and faulty fusion between the beads

Individual pores, slag inclusions, tungsten

inclusions

"Meniscus," internal concave bending of the

root of the weld

Admissible values

Not permissible

Permitted up to 15Z of the
thickness of the welded
sheets, but no more than
eight evary 100 mm of weld

Permitted to a depth of up
to 1572 of the thickness of
the welded metal

Note. The presence of several types of permissible defects with a total size with
respect to depth of more than 152 of the thickness of the sheet in one

cross section of the weld is not permitted.

Table 6-19. Requirements during Quality Control of Welds in the
Austenitic Steel Linings by External Inspection

Defects

R

Pérmigssible defeécts in the welds by catégories
————e T T I

Cracks, runs, burns, in-
completely fused craters,
gas bubbles

Solid chain or grid of
pores, poor penetration

Exit of the crater to the
base metal, beginning of the
weld (ignition of the are)
in the base metal

Three-dimensional defects
of rounded or elongated
shape (pores, slag and
tungsten inclusions)

Not permitted

Not permitted

Not permitted

Not permitted
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[Tabl_e 6-19, cortd]-

T Dafects T ~TI TR

Gashes Not permitted Not permitted Individual gashes
are permitted to
depth of up to 15%
of the thickness of
the welded sheet and
up to 100 mm long
but no more than
20% of the length
of the given weld

Shift of the edges of Permitted to
butt welds, thinning of 10% of the

the edges of the sheets thickness of the
as a result of trimming welded sheets

before and after welding

The quality control of the welds in linings made of corrosion-resistant austenitic
steels is in accordance with the Control Rules PK-010-62 and in accordance with the
requirements of the flow charts.

High requirements on the quality of the welded joints of the majority of pipelines
of nuclear power plants and the location of many of the welded joints at places
that are difficult of accesss for manual welding techniques give rise to the
necessity for broad application of automatic welding. The most widespread is non-
ccnsummable electrode, gas-shielded automatic welding (primarily argon-shielded),
as insuring high properties of the welded joint and good continuity of the weld
and permitting comparatively easy automation of the welding process in all spatial
positions. Automatic argon arc welders have been built for nonrotating joints of
pipe of different diameters (from 14 to 550 mm) and also for tack welding the
connecting pipes (process channels) to the reactor covers. The ODA, TAM and GNS
automatic welders of different types and sizes are designed for butt welding of
pipe from 10 to 250 mm in diameter, the ASTM-6 (Orgenergostroy Institute Design)
and AT-159-ShM (Tsentrenergomontazha Institute Design) automatic welders are for
butt welding of pipe 159-150 mm in diameter, the APT-1M (Orgenergostroy Institute
Design) automatic welder is for tack welding of connecting pipes 133 mm in diameter
to the reactor covers. The APT-1M automatic welder offers the possibility of both
gas-shielded and submerged arc welding. The edges of the pipe are prepared for
welding in accordance with the requirements of OP1513-72.

Quality Control of Operations

In all phases of construction of a nuclear power plant the contract orgamnization
must organize systematic operaticn by operation and acceptance quality control of
the construction materials, products and operations in accordance with the
requirements of the design, the standards, construction rules, instructions and
engineering specifications for performance of operations. For constant quality
control the general contractor organizes a technical inspection unit (quality
inspection unit), a construction materials laboratory and geodetic service.
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The basic goals of the engineering inspection team are preventive measures which
prevent low-quality performance of operations and the monitoring and technical
inspection of the quality of performing the construction-installation operations.

The building materials laboratory realizes the selection and monitoring of the
compositions of concretes and mortars, the compositions of the insulating and
other materials, testing of materials, intermediate products and products from

the beginning of the erection of the nuclear power plant, selective quality control
of the construction-installation operations, the production output and also it
systematically sees that the rules for storing materials, structural elements,
products and parts are observed.

The main goals of the geodetic service in construction are performance of the set
of geodetic operations providing for exact correspondence of the full-scale erected
structures to the design and also geodetic monitoring of the construction process.
The geodetic service must provide, in particular, for the performance of geodetic
breakdown operations wiien the basic design dimensions and height marks of the
structures are carried over to full scale, and the instrument monitoring of the
correctness of the performance of construction-installation operations.

The quality control of operations performed by the specialized subcontracting
organizations must be realized by the control services created with respect to the
clarification of these organizations.

The management of a nuclear power plant under construction monitors and conducts
a technical inspection of the construction process for correspondence of the per-
formed operations to the requirements of the detailed drawings, the effective
instructions, technical specifications for performance of operations and the SNiP.

The general design organization on its part realizes the author's inspection of
quality of operations at the construction site with respect to erecting the nuclear
power plant structures,

The activity of all of the control services is an inseparable component part of
the construction process and must provide for improved quality, reduction of cost
and reduction of duration of construction.

Intermediate acceptance and acceptance of the finished structural components and
structures of the nuclear power plant must be in accordance with the design and
SNiP requirements for the corresponding types of operations. On acceptance by

a committee made up of representatives of the plant, the general designer and the
construction organization (general contractor) documents are filled out with indi-
cation of the performed operations and their quality. The hidden operations must
be documented by the committee made up of representatives of the client and the
construction organization. The specifications and formulas must be appended to
the documents for the hidden operations.

The quality control of materials, products and structural components entering into
the construction of a nuclear power plant and also the performed operations are
realized in accordance with the design requirements, the requirements of the SNiP,
All-Union State Standards and TU [technical specifications] for individual types
of materials.
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The materials for preparing the concrete and mortar and also materials used for
reinforcing the reinforced concrete structures aust satisfy the requirements of
the SNiP I-V.2-69,SNiP II-21-75, SNiP III-15-76, SNiP II-V.3-72, SN 482-76 and the
corresponding All-Union State Standards.

The quality control and evaluation of concrete and reinforcing operations and also
the operations with the application of especially heavy, hydrate and heat resistant
concretes and concretes for increased temperatures must be performed in

accordance with the requirements of SNiP III-15-76, the corresponding All-Union
State Standard and other normative materials.

The materials used for specially heavy, hydrate, heat resistant concretes and
concretes for increased temperatures, in addition to the general requirements,

must satisfy the requirements stipulated in the design and the following additional
requirements: :

Magnetite, hematite and ilmenite ores must contain more than 30% iron (by weight);
barite ore must correspond to All-Union State Standard 4682-74, and cast iron and
steel shot must correspond to All-Union State Standard 11964-66;

Serpentinite fillers for hydrate concretes must correspond to TU 95-6112-76 of the
Uralasbest; limonite ores must contain more than 30% by weight iron and chemically
bound water of more than 10% by weight; natural boron-containing compounds must
contain more than 10% by weight boron, less than 1% by weight suliur compounds;
synthetic boron-containing compounds (boron carbide, borated chamotte) must
correspond to GOST-5744-74 GOST-1598-75 and GOST 390-69;

The fillers for the concretes used at increased temperatures must satisfy the
requirements of SN 156-67, and the finely ground additives, in addition, the
requirements of SniP I-V.2-69 and local technical specificationms.

The quality control of materials for preparing especlally heavy, hydrate, heat-
resistant concretes and concretes for increased temperatures must be performed by
the methods discussed in the standards and technical specifications for these
materials and also in accordance with the following GOST [All-Union State Standard]:
15053-77,2211-65, 2409-67, 12761-67, 12747-67, 12760-67, 12763-67, 12750-67,
5744-74, 2642-71, 17496-72, 3647-71, 4069-69 and local technical specifications.

For quality control of heat-resistant concretes the refractoriness must also be
defined according to All-Union State Standard 4069-69; compressive strength after
heating to operating temperature according to All-Union State Standard 4071-69.

During pouring of the concrete mix into the protective structures of the nuclear
power plant, primarily the especially heavy concrete, it is recommended that the
density and uniformity of the concrete mix be checked selectively by determining
the specific weight by the radio isotopic method according to All-Union State
Standard 17623-72.

When pouring the concrete and when performing quality control on the finished
structures it is necessary to check the presence of cavities behind the lining by

a radioisotopic instrument and the specific weight of the especially heavy concrete
according to All-Union State Standard 17623-72,
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The cavities exceeding 5% of the thickness of the concrete wall are subject to
finishing.

The quality control and evaluation of the primer must be made in accordance with
- SNiP III-19-76 .and the All-Union State Standard for the corresponding types of
primer testing.

The quality control and estimation of wooden structures with antiseptic and fire-
proof treatment at the building site are carried out in accordance with SNiP
ITI-19-75 and the corresponding All-Union State Standards.

Th2 materials used for waterproofing operations must satisfy the requirements of
SNiP III-20-74, SN 301-65, and the All~-Union State Standards for the corresponding
materials.

The quality control and evaluation of waterproofing operations must be performed
in accordance with SNiP III-20-74.

The heat insulating materials must satisfy requirements SNiP I1I-20-74 and the
All-Union State Standards for the corresponding materials.

Quality control and evaluation of the heat insulating operations must be performed
in accordance with SNiP III-20-74.

When performing the welding operations, the following types of control must be

realized: the entrance control of the materials (before welding); operation-by-

operation control during performance of the welding operations; quality control of
= the completed welds.

The quality control of the welded joints of the structural elements and equipment,
the subcontrol Gosgortekhnadzor of the USSR must be realized in accordance with
the control rules PK 1514-72 jointly with the "Kules for the Design and Safe
Operation and Maintenance of the Equipment of Nuclear Power Plants, Experimental
and Research Nuclear Reactors and Devices."

The methods, the volumes of control and the category of the welded joints, equip-
ment and pipelines and also the norms for quality estimates must be designated by
the detailed drawings or by the control charts considering the requirements of the
control rules PK 1514-72, PK-03TsS-66, SNiP III-18-75 and the instructions dis-
cussed below.

The quality control of the welded joints of the reinforcing and the fittings must
be carried out according to the Welding Instructions SN 393-69.

Metallographic studies are performed in accordance with PK-1514-72 and the require-
ments of the process instructions. The tests for resistance to intercrystalline
corrosion of the welding joints must be performed in accordance with All-Union
State Standard 6032-75.
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The quality estimate of the welded joints is made on the basis cf the result of
monitoring methods established for the given welded joints by drawings, quality
charts or other effective normative documents.

The quality of the welded joints and the surfacing for welding on the structural
elements and pipes must be considered unsatisfactory if for any type of menitoring
internal or external defects are detected in them which go beyond the limits of

- the norms established by the "Control Rules," corresponding SNiP and production
instructions.

All the results with respect to quality control of the welded joints must be
indicated in the "Journal for Quality Control of the Welded Joints" of defined
form.

The quality of the anti-corrosion protective coatings is monitored in accordance
with the SNiP III-23-76. The quality of the materials and the tank compositionms,
quality of preparation of services, the sequence of applying the coatings, the
conditions of drying each layer, the quality of the individual layers (thickness,
wniformity, absence of leaks, poor paint coverage, foreign inclusions) and the
protective coating as a whole (total thickness, adhesion, continuity) are subject
to control.

The paint and varnish coatings are checked visually -- each layer according to the
indicated All-Union State Standard 6992-68; the thickness of the coatings with
respect to the metal, by thickness gauges, and with respect to concrete, by control

- notching. The binding of the paint and varnish coating to the base is controlled
according to All-Union State Standard 15140-69. The drying time for each coat and
the coating as a whole must correspond to the requiitements of the All-Union State
Standard 19007-73, the technical specifications and the process instructions. The
solidness of the coating must be checked visually.

The metallized coatings must be monitored during preparation of the surface for
metallizing, during the process of applying the coating, then the quality of the
finished product is checked, in particular, the strength of adhesion to the base,
The thickness of the applied metallized layer is checked by the instruments
ITP-I or TPN-1IV.

The surface quality is checked by comparison with a standard. The strength of
- adhesion to the base 1s checked by tapping with a wooden hammer (there should be no
chatter). The defective sections are removed and recoated.

The plasticized floors using polyvinylchloride, formula 57-40 are checked visually.
The welded joints, in addition, can be checked by electrospark defectoscopes and

mechanical testing of the control samples according to All-Union State Stamndard
11262-76.
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APPENDICES

Appendix 6-1. Construction Base of a Nuclear Power Plant with VVER-1000 Water-
cooled, Water-Moderated Power Reactor
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Key: a. to the main facility
Layout of the temporary building and structures
I -- administrative and general services complex
II —- section for assembling structural elements
III -- section for installing thermomechanical equipment
IV —- administrative storage areas
V -- construction storage areas ‘:
VI -- wiring operation section
VII -~ chemical protection and thermal insulation section
VIII -- cooling tower construction section

IX -- gas supply facilities
X -- reinforced decking unit
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X1 -~ concrete services

XII -- mechanical repair services

XIII -- motor pool

XIV -- section for location of mechanized colummns

Provisional notation: 1 -- buildings; 2 -- roadways; 3 -- railroads; 4 —-
crane tracks; 5 —— enclosure; 6 —— section boundary; 7 —- shed.

Technical-Economic Indices

Construction base area, hectares 2 33.50
Area covered with buildings and structures, m 2132
Open storage areas and assembly-consolidation

areas, hectares 8.02
Other structures, hectares 4,972
Length of roadways, km/hectare 4.28
Railroads, km/hectare 6.05
Crane tracks, km/hectare : 2.36
Total covered area, hectares 23.70
Use factor of the territory, % 70.6

Appendix 6-2. Construction Base of a Nuclear Power Plant with VVER-440 Reactor
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Key: a. to the main facility
Layout of Temporary Buildings and Structures
I -~ administrative and general services complex
II -- section for assembling structural elements
III - section for installing thermomechanical equipment
IV -- administrative storage areas
- Vv -- construction storage areas

VI -- wiring operation section
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VII -- chemical protection and thermal insulation section

- VIII -- gas supply facilities
‘ IX -- reinforced decking unit
X — concrete services
XI -- mechanical repair services
XTT -- motor pool
XL1I -- section for location of mechanized columns
XIV -- other structures
Provisional notation: 1 -- buildings; 2 -~ roadways; 3 -—- railroads; 4 -- crane
tracks; 5 -- enclosure; 6 —— section boundary; 7 - shed.

Technical Economic Indices of the Listing Assignment

Construction base area, hectares 2 29.1
Area covered with buildings and structures, m 2132
Open storage areas and assembly-consolidation
areas, hectares 5.2
Other structures, hectares 4.9
Length of roadways, km/hectare 3.5
Railroads, km/hectare 5.3
Crane tracks, km/hectare 1.4
Total covered area, hectares 0.7
Use factor of the territory, % 1.2

Appendix 6-3. Construction Base of a Nuclear Power Plant with VBMK-1000 Reactor
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Layout of temporary buildings and structures

- I -- 110/6 kv substation

II -~ rock and crushed rock storage

II1 -- main power engineering base

IV -- section for erection of structural elements
V -- administrative storage area

VI -- section for installing thermomechanical equipment
VII -~ chemical protection section
VIII —- gas supply facility

IX -- truck and tractor base
X -- washing )
XI — administrative and construction management building

XII -- locomotive depot
XIII -- wiring operation sections

_ XIV -- asphalt concrete services
- XV — fuels and lubricants storage
XVI -- construction mechanization base

XVII -- dining room

XVIII -- heat insulation operatiomns
XIX -- construction storage areas
XX -- woodworking shop

XXI -- dining room

XXII -- mortar services
XXIII -- prefabricate reinforced concrete area
_ XXIV —— reinforcing services

XXV —- prefabricated-collapsible housing construction plant

XXVI -- mobile boiler
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Provisional notation: 1 — buildings and structure; 2 —— sheds; 3 — temporary
railways; 4 -— crane tracks; 5 — roadways; 6 — enclosure.

Appendix 6-4. PERT Chart for the Construction of Nuclear Power Plants with VVER-
1000 Reactor
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Key: a. main facility
b. reactor division of block ...
c. auxiliary specialized facility
d. mechanical and deaerator divisions
e. diesel generator
f. starting boiler
g. vent pipe .
h. outdoor distribution station
i. outdoor transfer station
j. associated auxiliary service facility
k. sanitation and general services facility
1. engineering and general services facility
m. administrative building
n. hydraulic engineering structure
o. other facilities and operations
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Chart position

Types of operations

Reactor division of block I

Excavating the foundation

Erecting the lower slab

Erecting outside wall

Erecting the cylindrical part of the envelope to the
cornice

Erection of cornice

Erection of the dome, first phase

Erection of the dome, second pnase

Tension on the bunched reinforcing of the envelope

Molding the envelope

Erection of the inside structures to the 9.3 meter mark

Erection of floors and ceilings to the 11.8 meter mark

Erection of inside structures to the 22.8 meter mark

Erection of inside structures to the 38.1 meter mark

Finishing operations above the 12.3 meter mark

Finishing

Finishing operations to the 9.3 meter mark .

Installation of equipment and pipelines below the 9.3
meter mark

Rigging and installation of equipment above the 12.3
meter mark

Installation of 400 ton crane

Installation of equipment and pipes

Starting and adjustment operations

Physical starting, power production starting

Reactor division of block II

31-32
32-33
33-34

35-36
37-38

39-40
40-41
41-42
42-43
43-44
45-46
4647
47-48
- 48-49
49-50
- 50-51
52-53
"53-54

Excavation of foundation
Erection of lower slab
Erection of outside walls to the 9.3 meter mark

Ereection of outside walls to the 18.14 meter mark

Erection of the cylindrical part of the envelope to
the cornice

Erection of cornice )

Erection of dome, first phase

Erection of dome, second phase

Tension on the bunched reinforcing of the envelope

Molding the envelope

Installing inside structures to the 9.3 meter mark

Erection of floors and ceilings to the 11.8 meter mark

Erection of inside structures to the 22.8 meter mark

Erection of inside structures to the 38.1 meter mark

Finishing operations above the 12.3 meter mark

Finishing

Finishing operations to the 9.3 meter mark

Installation of equipment and pipelines below the 9.3
meter mark
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55-56 Rigging and installation of equipment above the

12.3 meter mark
56-57 Installation of 400 ton crane
57-58 Installation of equipment and pipes
58-59 Starting and adjustment operations
59-60 Physical starting, power production starting

Auxiliary specialized facility

61-62 Excavation of foundation, first phase

62-63 Excavation of foundation, second phase
64-65 Installation of structural elements of the III
swath of the first phase
65-66 Installation of structural elements of III
swath of the second phase
| 67-68 Erection of the lower slab, first phase
! 68-69 Erection of the lower slab, second phase
i 69-71 Installation of structural elements of swath I
‘ 71-74 Installation of structural elements of swath II
74-75 Installation of first phase swath III equipment
75-76 Installation of second phase swath III equipment
76-77 Starting and adjusting operations of block II
78-80 Rigging and installation of equipment of swath I
80-81 Rigging and installation of equipment of swath II
81-82 Starting and adjustment operations of block I

Machine room and deaerator division

83-84 Excavating the foundation of block I, phase 1
84-85 Excavation of foundation of block I, phase 2
85-86 Excavation of foundation of block II
87-88 Laying the foundation of the block I building
f 88-89 Installation of the frame and enclosing structures
| of block I, phase 1
89-90 Installation of framing and enclosures of block I,
phase 2 ’
90-91 Installation of framing and enclosing structures
of block II, phase 1 i
91-92 Installation of framing and enclosing structures
of block II, phase 2
94-95 Laying the foundation of the block II building
95-96 Laying the foundation for the turbogenerator No 1
96-97 Laying the foundation of the turbogenerator No 2
97-98 Laying the foundation for turbogenerator No 3
98-100 Laying the foundation for turbogenerator No 4
101-102 Installation of crame No 1
102-104 Installation of auxiliary equipment and pipelines of
block I
104-105 Washing, blow down and testing
106~107 Installation of 125 ton crane No 2
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108-109 Installation of turbogenerator Nos 1 and 2

109-110 Hydraulic testing

111-112 Installation of equipment and lines of the deaerator
stack of block I

113-114 Installation of turbogenerator Nos 3 and 4

114-115 Hydraulic testing

115 -116 Testing ..

117-118 Ingtallation of auxiliary equipment and lines of block II

118-119 Washing, blowdown, testing

120-121 Installation of equipment and lines of the block

II deaerator stack

Diesel generator

122-123 Construction operations
123-124 Installation of block I equipment
124-126 Washing, blowdown and testing
- 127-128 Installation of block II equipment
128-129 Washing, blowdown, testing
) Starting up boiler room
131-132 Construction operations
132-133 Installation of equipment
133-134 Adjustment
Vent pipe
136-137 Construction operations
137-138 Installation of dosimetric monitoring and lighting
Qutdoor distribution station
140-141 Construction operations
141-142 Installation of block I equipment
142-143 End of construction operations
144-145 Installation of block II equipment
145-146 End of construction operations
Outdoor transformer station
148-149 Construction operations of block I
150-151 Construction operations of block IIL
153-154 Equipment installation of block I
155-156 Equipment installation of block II
Associated auxiliary facility
158-159 Construction operatious
159-160 Installation of equipment
160-161 : Finishing operations
Sanitation and general services building
163-164 Construction operations
164-165 Installation operations
Engineering and general services building
166-167 Construction operations
168-169 Installation operations
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Administrative building

170-171 Construction operations
Hydraulic engineering structures
174-175 Construction of circulation lines for the power plant
complex of block II
175-176 Erection of structures and buildings of block II
177-178 Construction of circulation lines in the station
zone of block I
178-179 Erection of structures and buildings of block I
Other facilities and operations
0-180 Erection of temporary buildings and structures
180-181 Construction of block I facilities
181-~-182 Construction of block II facilities
i
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PERT chart of the Construction of Nuclear Power Plants with RBMK-
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Key (Appendix 6-5):

a.
b.
c.
d.
e.
f.
g.
h.
i.

i.
k.

structures
... year
exploitation of territory

1. main facility
m. auxiliary structures
n. process water supply

transport and communication projects o. cooling pond

engineering works
temporary structures
block A

block V

block G

block B

Block Ye

P. power plant complex

q. cost of construction
and installation opera=
tions for power unit I,
millions of rubles

Chart positions

Types of operations

General site operations

Construction of roadways and railways

Construction of water supply and sewage

Construction of temporary building and structures

Erection of block to the 38.2 meter mark
Installation of metal structural elements

for the reactor division to the 56.2 meter mark

Construction of winter shelters for the consolidation

Consolidation assembly of the OR system

Installation of equipment No 1 in the block shaft

0-1 Preparation of construction site
0-2
0-3-4
0-7
Construction of block A

8-9 Earthwork
9-11 Construction of foundation slab
12-14
14-15
17-19 Installation of auxiliary equipment
20 Delivery of system E
21-22 Consolidation assembly of system E
23-26

assembly of the reactor
25 Delivery of the OR system
25-29~46
30 Delivery of the S system
30-32 Consolidation assembly of S system
32-34 Break-in of S system
36 Delivery of L system
37 Consolidation assembly of L system
38 Delivery of KZh system
38-39 Consolidation assembly of KZh system
40-41 Delivery of Ye system
42-44 Consolidation assembly of Ye system
44-45 Welding in the loops
46-48-158
49 Delivery of system G
50-51 Consolidation assembly of system G
51-52 Installation of system G
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53-54
54-56
1 57-60
60-61
61-62
63-66
67-68

69-71
72-74

15-77
75-80

80-87
81-84

83-86

87-88
89-97
90-92
92-94
93-98
94~95
95-98
98-99
100-101

101-103

103-104
- 105-106

107-108
108-112
111-114
114-115
116-117
- 116-119

120-163

121-122
123-124
125-129
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Construction of block V

Earth work

Construction of foundation slab

Erection of block to the 8.2 meter mark
Erection of block to the 17.2 meter mark
Erection of block to the 32.0 meter mark
Installation of process equipment
Finishing off the openings

Construction of block G

Earth work

Concrete preparation and horizontal hydraulic
insulation structure

Erection of foundations along the A, G, V and B
axes

Installation of the structural elements of the
machine room and deaerator stack

Erection of inside facilities of the stack

Erection of the foundation and boxes of turbogenerator
No 2

Erection of a foundation and boxes of turbogenerator
No 1

Finishing off the openings

Installation of turbogenerator No 1

Installation of machine room crane No 1

Installation of machine room crane No 2

Installation of process equipment

Installation of turbogenerator No 2

Covering of boxes

Testing the turbogenerators Nos 1 and 2

Erection of foundations with respect to A axis and
68 and construction of the foundation slab

Installation of the structural elements of the machine
room and the deaerator stack

Erection of inside facilitiesof the stack

Erection of foundation and boxes of turbogenerator No 3

Construction of block B

Earthwork

Construction of foundation slab

Erection of block to the 15.0 meter mark

Erection of block to the 38.2 meter mark

Delivery of the equipment systems No 2

Consolidation assembly of the systems of equipment No 2

Construction of block Ye

Construction of block Ye

Construction of industrial site structures

Construction of reserve boiler room
Construction of vent pipe
Construction of storage for solid and liquid waste
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126-127
130-134

131-135
135-137
136-138
139-140

141-145

142-143-146

147-148

149-151-156
- 152-153

154-155

156-157

158-159
160-163
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Installation of equipment

Construction of the 330 and 110 kv outdoor dis--
tribution stations

Installation operations

Construction of the associated auxiliary facilities

Installation of equipment

Construction of auxiliary structures

Construction of the process water supply facilities

Filling the dam, reinforcing and construction of
drainage

Excavation, fill and reinforcing of ship channel

Construction of makeup station and other structures

Reinforcing of supply and discharge canal banks

Construction of pumping stations Nos 1 and 2 and
installation of No 2 station equipment

Construction of water intake structures, head-pond
and other structures; installation of equipment
of structure No 2

Filling of the pond

Startup and adjustment operations

Hydraulic testing, flushing
Physical startup, power production startup
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SUBJECT INDEX

A

Coolant activation 147
Activity of:
pure water 146
air 147 '
isotope 146, 154
induced activity of material 139
equipment 148
waste 146
fuel elements 147
coolant 145
Anticorrosion coatings:
paints and varnishes 210
metal plating, paints and varnishes 210
plasticized substances 211
polymer solution 211
Reinforcing 94
by stressed bundles 86
Nuclear power plants for heating (AST) 17
Nuclear electric power plants (AES):
base 14
two-circuit 15, 18
incompletely 16
condensation 14
single-circuit 15, 124
floating (PAES) 16
with nuclear superheating 16
heat and electric (ATETs) 14
three~circuit 16

B

Condensate tank 75
Bubbler basin 67, 73, 75
Fuel holding pool 67
Radiation safety 38
Concrete:
shielding 158, 160
cast 210
Concrete work 89, 207
Mortar 187
Module:
architectural-production 140
nuclear power plant 70
shielding 140
structural design-economic 143
modular 54
power engineering (power unit) 55
Modules:
reinforcing-form 207
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reinforcing 95

reinforced concrete 208

prefabricated 207

steel cells 208
Shielding box 59

\'
Vent pipe 30, 39, 64, 73
Ventilation center 59, 62
Ventilation 58, 73, 80 See also Special ventilation
Service water supply 25, 39, 48
circulating 26
direct flow 26

G
Gas generation 139
General contractor 177
Master plan of the nuclear power plant 37, 42
- Chart:
- energy consumption 14, 38
construction 193
PERT 220, 222

D

Deaerator 18, 28, 71

Deaerator stack, see Electric equipment stack
Deactivation 86

Dose: :
gamma radiation 151, 176
neutrons 150
irradiation 39, 137, 163
Dose accumulation factor 152
Technical forms and reports 184

Z
Neutron moderator 7
Expenditures:
capital 50
reduced 50
operating 50
Catches 89
1 Environmental protection 39
Ionizing radiation shielding:
biological 6, 9, 137, 149
secondary 15
geometrically shaped 144, 170
global 136, 168
adjacent 168
joint 168
shadow 168 :
combination 138, 169
local 138, 168
shadow 138, 168
material-shaped 170
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monolithic 170, 171
primary 15
shaped 144, 169
radiation, concept 137
prefabricated 172
prefabricated-monolithic 144, 170
collapsible 144, 172
structural 138
thermal 6, 9
technical 137
physical 138
Shielding properties of concrete 167
Shielding screen 156
Nuclear power plant buildings 53
Nuclear power plant zone:
i sanitation-shielding 39, 55
‘ controlled 55
observed 55
uncontrolled 56 )
free conditions (clean) 56, 71, 73
strict conditions (dirty) 55, 71, 73

; 1
‘ Operating expenses 52
Ionizing radiation 137
gamma radiation 149, 153
external 151, 155
neutron 149
Studies:
geological 41
hydrological 41
topographic-geodetic 41
Engineering preparation of construction 178-185
Integral layout 14, 20, 78
Radiation sources 145, 153

K
Channel formers 203
Reactor channels 12
Nuclear power plant capital investments 49
specific 51
Framing:
reinforced 86, 96
vessel 84
Excess pressure (KID) 31, 73
Distribution group plenums (RGK) 77
Frame columns 90
Expansion tanks 67
Complex brigade 195
Machinery makeup 185
material resources makeup 185
Nuclear power plant layout 53, 74
integral 14, 20, 78
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modular 69
loop 20, 23, 83
Condensate 75
Condensate purification 71
Condenser 18, 25
Condensation-feed cycle 28
Condensation units 25
Air conditioning 73
Quality control 214
Circuit:
multiple forced circulation (MPTs) 70, 77
radioactive, see Radioactive circuit
Vessel:
main nuclear power plant 59, 64, 73, 82, 201
special, see Reactor spetskorpus [specialized service building] 121
reinforced concrete 78, 82, 121
prestressed 121, 125
Coefficients:
power use coefficient of the nuclear power plant 38
attenuation, absorption of gamma radiation 151
capital investmentsefficiency 50
Envelope dome 87, 111

M
Shielding materials:

concrete 142

fillers 160

local 168

effective 168
Material-technical construction base 177
Machine room 47, 58, 62, 67, 80, 83
Mechanization of construction 182
Installation 197

- Power:
replacement 5
thermal 6
electric 6
N

Calculated loads:
emergency 99
wind 115
internal pressure 107-110, 129
temporary 113
special 119
constant 113
prestressing 132
radiation 162
seismic 98
snow 114
solar radiation 117
thermal 100, 120, 134
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Pump:
main circulating (GTsN) 2Q, 58, 64
condensate 72
electric feed (PEN) 71, 77
emergency (APEN) 71, 77
Nonuniformities in concrete shielding:
cable corridors 173
cracks 174
seams 174

0

Irradiation of the organism:
external 137
internal 137
Protective envelope 64, 70, 78, 84
reinforced concrete 102
prestressed 103, 104
metal (steel) 103, 110
multilayer 103
spherical 107
cylindrical 107
Enclosing structure 70
Nuclear power plant return on investment 49
Construction organization 176
Neutron reflector 5
Constructicn phases 58
Water purification 18

P

Steam generators 22, 58, 64

Steam lines 64

Loop layout 20, 23, 83

Circulating loops 64, 70

Nuclear power plant plan:
master (master plan) 37, 42
construction (construction master plan) 44, 18
site 42

Construction planning 183

Construction site 37

Engineering preparation of the construction site 183

High pressure heaters (PVD) 18, 28

Contract operations 177

Contract 195

General contractor 177

Long~term flow 192

Flow-staged process 197

Flow method 189

Blow down, see Water purification

Design:
organization of construction (POS) 184
performance of operations (PPR) 184
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R

Working medium (steam) 15
Radiation deformation 162, 163
creep 163
resistance 165
Radiation damage 139
heat release 139, 155
Radiation loads 162
Radiation defect 165
irreversible 165
reversible 165
spot 165
heating 139, 155
effect 165, 166
Radioactive waste:
liquid 33
solid 33
Radioactive leaks:
unorganized 34
organized 34
Radioactive circuit:
secondary 16, 64
primary 15, 58, 64, 91
Distribution stations 71
Shutdown cooling of the reactor 8
Engineering designs:
main facility 96
process equipment shielding 153
reactor 148
thermal 156
reactor vessel 126
for internal pressure 129
prestressing 132
thermal effects 134
static 126
reactor vessel cover 136
reinforced concrete envelope 104
for internal pressure 107~110
metal 111
temporary loads 113
special 119
constant 113
stability 121
Reactor:
water-cooled, water-moderated (WWR) 9, 124
boiling (BWR) 9
under pressure (PWR) 9
power (VVER) 7, 9, 58, 84
water-graphite (WGR) 7, 11
gas—-graphite (GGR) 11, 14, 83
improved gas (UGR) 20
heterogeneous 6
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homogeneous 6
integral 14, 83
channel-type 7
high power (RBMK) 12
with nuclear superheating (RBMKP) 77
boiling 8, 77
vessel type 7, 55, 58, 77
fast neutrons 14, 124
intermediate 6
thermal 6
with gas cooling 122
Reactor section 47, 54, 58, 59, 64, 70, 81
Fission reaction 5
Profitability of the nuclear power plant 49

S

Decontamination station 63
Welding operations 212
Electric power cost 50
Seismic effects 41, 98
Separator 18, 22, 78
PERT model of construction 190
Erection cross section 149
macroscopic 150
microscopic 150
Zone emergency cooling system (SAOZ) 67
reactor (SAOR) 77
construction management 195
Sorption of radioactive substances 139
Special ventilation:
local exhaust 30
direct feed 31
total exchange intake-exhaust 30
periodic constant 30
repair 32
staged 31
Special water purification (SVO) 18, 62
Special gas purification 30, 33
Special sewage:
internal 34
external 34
pressure 34
gravity feed 34
Spetskorpus [special service building] 47, 54, 58, 62, 68
Rods:
safety rods 8
shim 8
automatic control 8
manual 8
Process waste 34
Construction-installation operations 196
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Construction:

main facility 203

flow 188

high speed 205

prefabricated 188
Stroybaza [construction base] 178, 217, 219
Stroygenplan [construction master plan] 181
Subcontractors 177

T

Shielding temperature 156
Thermal effacts 100
Heat diagram of the nuclear power plant 18
Specific heat release 155
Fuel elements:

rods 6

tubular 6
Coolant:

water 8, 145

gas 8, 145

liquid-metal 8, 145
Grant-receiving body-plant 177
Construction transportation 182
Pipelines 77
Turbines 27, 70
Turbounits 62

U

Specific cubic capacity 54

Specific volumes of construction-installation operations 193

Units: _
emergency -- sprinkler, spray 64
condensation 17
steam generating 17
steam turbine 17
suppression of activity of uncondensed gases (UPAK) 70, 75
reactor 17
F
Truss:

wind 85 .
main facility 85, 89
Truss packets 86
Filter:
aerosol 62, 73
ion 73
Turbounit foundation 81
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KH

Radioactive waste storage:
temporary 35
burial 35
solidification 35
Radioactive waste storage 36, 47, 63, 75

TS

Cycle:

plutonium 6

thorium 6
High-pressure cylinder (TsVD) 18
Low-pressure cylinder (TsKD) 18

SHCH

Control panel 47
- module (BShchU) 71
central (TsShchU) 71
Dosimetric monitoring panel 71

E

Power unit 70, 74
standard 55
Electrical equipment stack, see Deaerator stack 27, 47, 58, 70
Cost benefit of the nuclear power plant 49
Effective shielding materials 168
Effective atomic number of concrete 152

YA

Nuclear density of concrete 167
Nuclear fuel 6
Nuclear superheating 12
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